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The Future Payload Technology Requirements Study was conducted from June 1974 to 
January 1975 by Convair Division of General Dynamics with support from Rockwell 
International Space Division and General Electiic Space Division. The Future Payload 
Technology Requirements Study team operated under the direction of Ihe Systems 
Studies Division at the Ames Research Center headed by Alfred M. Worden. 

Larry R. Alton, in the Space Applications Branch of the ARC/SSD, was the Technical 
Monitor of the study. The study was funded by Code RX, Study and Analysis Office, 
NASA Headquarters, under the cognizance of Stanley R. Sadin. The study was under 
the guidance and review of the NASA/OAST Payload Technology Panel, 

Alfred M. Worden, Chairman. NASA HQ, NASA Centers and a large number of 
manufacturers/users provided significant advice, consultation, data, and critique in 
support of the task reported herein, as identified in the final report. 

The results of this study effort are combined in two volumes, a summary report and 
a final report. The summary report volume contains an overview of study objectives, 
methods, and results. The final report volume, in addition, contains a detailed des- 
cription of the technolcgy requirements. These documents are identified as CASD- 
NAS-75-002 (summary report), and CASD -NAS-7 5-0 04 (final report). 
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SECTION 1 


INTRODUCTION AND SUMMARY 


The overall objective of the Future Payload Technology Study was the identification 
and description of technology items that must be advanced beyond the current state of 
the art In order for early shuttle-era NASA payloads to meet their currently defined 
objectives. The purpose has been to provide data that will effectively assist the NASA 
payload technology planning and budgeting effort. The payloads selected for this study 
were those included in ttie 1973 Payload Model, which NASA scheduled for delivery by 
the Space Transportation System in 1980s. Emphasis was on those payloads scheduled 
foi flight in the early to mid 1980s. 

1.1 SCOPE 


The purview of the study team's activity consisted of the definition of technology ad- 
vances needed for an overall mission model standpoint as well as those for individual 
payloads. The technology advances relate to the mission scientific equipment, space- 
craft subsystems that functionally support this equipment, and other payload-related 
equipment, software, and environment necessary to meet broad program objectives. 


In the interest of obtaining commonality of requirements , it appeared most useful to 
structure the study according to technology categories rather than in terms of indi- 
vidual payloads. The study was carried out within the classifications of the follow- 
ing categories: 


Collectors 

Sensors 

Generators 

Systems 

Special Devices 

Inertial/Electromechanical 

Life Sciences 

Contamination 

Structural and Spacecraft Mechanical 
Environmental Control 


Environmental Protection 
Cryogenic Control 
GN&C 
Propulsion 

Atti.tude Control/Measurement 
TT&C/Data 
Electrical Power 
Instrument Electronics 
Software 


Some applications and desirable characteristics of equipment, particularly sensors, 
are in the classified literature as are some current state-of-the-art data. However, 
this study was restricted to the open literature and unclassified knowledge. 
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The team planned its activity to ascertain the best avaDable and most credible infor- 
mation that will effectively assist the NASA technology effort in closing the gap between 
the current state of the art and the required state of the art for each item within the 
technology categories. For each of these items it was attempted to determine: 

a. Advancement required based on payload objective. 

b. Current state of the art as it relates to the advancement required. 

c. Description of technology relating to the critical parameters. 

d. Degree of benefit to the payloads. 

e. Acceptable technology maturity, advancement, or confidence demonstration. 

f. Potential problems, options, and alternatives. 

g. Teclmology requirement schedule to support need date. 

h. Expected advancement in the state of the art by the need date, if NASA expends no 
special effort beyond currently planned level on that specific technology item. 

1.2 SUMMARY 

1. 2. 1 STUDY APPROACH AND PARTICIPATING CONTRIBUTORS. The Future Pay- 
load Technology Requirements Study was performed in four steps extending over a 
period of eight months (Figure 1). The study began with an analysis of the NASA pay- 
loa .3 for the 1980s to identify payload performance parameters and characteristics 
estimated to be beyond the current state of the art. These requirements were identified 
primarily by analysis of the NASA Space Transportation System Payload Data and Anal- 
ysis (SPDA) data for those automated and sortie payloads planned for flight during the 
first five years of shuttle operation. The results were reviewed at NASA Headquarters 
for appropriateness of requirements. 

The second step transformed these performance requirements into common technology 
advancements, which were reviewed with technology specialists at NASA Centers. 

During the third step, major revisions were made based on visits to the centers. These 
revised technology requirements were then maEed back to appropriate personnel at 
NASA Headquarters and centers and to user/manufacturers for their review and critique. 

In step four, appropriate comments obtained from these activities were incorporated into 
the technology requirement and submitted to NASA/ARC for review and approval. 

Because of the nature of the task — the assessment of technology requirements versus 
the current slate of the art — this study necessitated the direct involvement of a large 
number of NASA and other technical personneL The study team was under the guid- 
ance and review of the NASA/OAST Payload Teclmology Panel and was monitored and 
directed by NASA Ames Research Center. The team obtained payload performance 
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F^re 1. Study Approach 


requirements from 15 payload working group discipline spec alists located at NASA 
Headquarters (Figure 2). The technology state-of-the-art review, across all 19 of the 
technology categories, was supported by a good cross section of 156 specialists as indi- 
cated for the NASA Headquarters, NASA Centers, and the Jet Propulsion Laboratory. 

The remaining 51 contributors consisted of university, observatory, research organiza- 
tion, and manufacturer technical personnel. The written response received from 51 of 
these latter groups represents a 54 percent return on the solicitations. Even though 
there was no similar data available on this type of review, the response hga been very 
gratifying to the study team. The split between research organizations and manufac- 
turers was somewhat arbitrary, but it was made primarily on the basis as to whether 
the establishments’ major effort was known or judged to be research or saoanufacturing. 
Of course, it is recognized that all manufacturers capable of participating in this type 
of effort are conducting research in the area reviewed. 

All personnel represented as contributors in Figure 2 are identified in Appendixes A 
and B by name, address, and item or subject to which they made a notable contribution. 

The results represent a consensus on these technology requirements because of the 
large participation and review by NASA Headquarters scientific worldng groups and 
technology specialists, NASA Centers, JPL, universities, research organizations, 
3nanufacturers, and the NASA/OAST Payload Technology Panel. 
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1. 2, 2 TERMINOLOGY USED IN RESUL TS, To provide uniformity of terminology and 
consistency of results within the study and to obtain definitions of what constitutes a 
satisfactory technology advance, the level of maturity of the state of the art was Indi- 
cated by ten levels, x..e levels were derived as a tobl for this study and are somewhat 
arbitraiy, but they are judged to have broad application. It appeared that a set with 
finer structured steps would not improve its utility for this study. The levels are listed 
in Table 1, Ascending numerical values or levels were assigned to provide a common 
reference and to facilitate identification and use of the levels. In the application of this 
scale it should be recognized that the difficulty in going from one step to another will 
depend on the specific item as well as which step is being made; however, the scale is 
useful in highlighting the overall technology gaps. These levels of the state of the art 
were used to assess three areas that are keys to the defined technology requirement. 
These are: 

a. Current State of the Art : To what level has the technology which more nearly fits 
the requirement been carried to date, 

b. Unperturbed Advancement: To what level is the technology expected to be by need 
date If NASA expends no special effort in this area beyond r>-rrent plans. 

. (Some technologies are expected to be advanced by industry or other agencies, ) 

c. Required Advancement : To what level must the technology be carried to make it 
acceptable for its Intended use or ready for commitment to a program. 

Table 1, Level of State-of-Art Definition 


LEVEL 

LEVEL DEFINITION 

GENERAL AREA 

1 

BASIC PHENOMENA OBSERVED & REPORTED 



2 

THEORY FORMULATED TO DESCRIBE PHENOMENA 



3 

THEORY TESTED BY PHYSICAL EXPERIMENT OR 
MATHEMATICAL MODEL 


■ THEORETICAL & LABORATORY 

4 

PERTINENT FUNCTION OR CHARACTERISTIC 
DEMONSTRATED; e.g., MATERIAL & COMPONENT 



5 

COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN LABORATORY 

- 


6 

MODEL TESTED IN AIRCRAFT ENVIRONMENT 



7 

MODEL TESTED IN SPACE ENVIRONMENT 



8 

NEW CAPAB ILITY DERIVED FROM AN OPERATIONAL MODEL 
(A LESSER MODEL OPERATING IN SPACE) 


. PROTOTYPE & OPERATIONAL 
MODELS 

9 

RELIABILITY UPGRADING OF AN OPERATIONAL MODEL 



10 

LIFETIME EXTENS ION OF AN OPERATIONAL MODEL 
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1.2. 3 STUDY RESULTS SUMMARY . A summary of the findings of this study In terms 
of the levels of technology just described is presented grapnically in Figure 3. The 
state-of-the-art level versus cumulative percent of technology items is shown in F^ure 
3a. The lower curve gives the current level of the state of the art, while the middle 
curve indicates the additional expected normal advance by currently planned effort. 

The larger advance, which must be provided by NASA, is indicated by the separation 
between the center curve and the upper curve, or levels to which the technology is re- 
quired to be advanced if the payloads are to perform their expected missions. Since 
each curve is independently cumulated, the level of advance for an individual item is 

not identifiable in this graph; but the area between the respective curves is indicative 
of the relative magnitude of the required effort. The upper curve shows that only about 
22 percent of the technology items can be satisfied in the laboratory, level 6, and be 
ready for application or commitment to a program, whereas the remainder require 
some type of demonstration in an aircraft environment (level 6 or higher). 

The second set of curves (F^ure 3b) presents the number of steps of advancement be- 
tween current and required versus cumulat’’ percent, as well as that between unper- 
turbed and required advancement. There is a small but significant difference between 
the two. Here the differences were taken before calculation of percentage. The upjper 
two curves show the overall magnitude of the advance required. For the current to 
required, 34 percent of the items require only one step, whereas the upper 3 percent 
require five steps, and the average number of steps for all the items is 2. 2. For the 
unperturbed to required, the average number of steps is 1, 75. 

The lower curve provides insight into how fast the technology must be advanced. It was 
derived by ratioing the number of steps to the number of years beginning in 1975 and 
counting up to the year in which the technology will be needed to support the payload 
developmett for flight in the earl^' 1980s. A rate of one or more levels per year is 
considered critical and occurs for about 20 percent of the items. 

The degree of difficulty in advancing the state of the art will depend not only on the num- 
ber of levels to be advanced but where in the chain of advancement one is operatic^; and 
probably more importantly, it will depend on the specific item itself. In any event, 
since the unperturbed advance falls short of the required advance in 84 out of the 91 
items, NASA should provide the major effort for the technolcgy required of the payloads, 
otherwise the project schedule may be unduly delayed, cost increased, or the planned 
research may fail. 

1.3 STUDY TEAM 

The study was performed under the guidance and review of the NASA/OAST Payload 
Technology Panel ana administered by Ames Research Center as indicated in Figure 4. 
The study was conducted by a contractor team led by Convair Division of General Dy- 
namics and supported by Rockwell International Space Division and General Electric 
i pace Division, with each team membei having specific areas of responsibility related 
to their technology expertise. 
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Figure 3. Summary Results 
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Figure 4» Study Responsibility 
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The responsibility for determining payload performance or characteristic parameters 
estimated to be beyond the current state of the art was assigned amoi^ the 12 payload 
disciplines used in the NASA SPDA activity. This allowed maximum use to be made of 
the team members* knowledge of the payload requirements gained from prior participa- 
tion in the SPDA activity. 

The responsibility for defining the advancement of the technology required to provide 
the payload performance was also assigned to technology specialists so that a solution 
or concept found for a requirement in one discipline could then be applied in others as 
appropriate. This approach allowed ready identification of commonality of require- 
ments, thus minimizing the number of technology items to be defined. 
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SECTION 2 

OBJECTIVES AND RELATIONSHIP TO NASA PROGRAMS 

The objectives of the Future Payload Technology Requirements Study were to: 1) ana- 
lyze the NASA payloads listed in the NASA 1973 Payload Model - with emphasis on 
those for the first five years of STS operation - to determine their performance or 
characteristic parameters estimated to be beyond the current state of the art, 2) define 
the technology advances required for these payloads to accomplish their objectives, 
and 3) identify the characteristics of these technology advances that will effectively 
assist the NASA technology effort. 

A required technology advancement for purposes of this siudy is defined as any tech- 
nology effort required to bring a concept through the feasibility and practicability deter- 
mination phase (i. e, , experimental laboratory or space environment demonstration) to 
the point at which the concept could confidently be included in the design of a new project 
and successfully pass full-scale protoiype tests with low risk. 

NASA is developing the Space Transportation Sjystem and the Spacelab, which will sup- 
port the scientific and applications payloads analyzed in this study. Any payload per- 
formance that must be extended beyond that which is currently available needs to be 
accomplished witliin the appropriate time frame afforded by the STS/Spacelab sched- 
ules. An additional and important aspect is that the results of this study will be usefiil 
to NASA in its search for technology commonality in the Space Transportation System, 
Space Lab, and Payload Programs. 
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SECTION S 

METHOD OF APPROACH 




The approach used in this study was aimed at producing the most credible results 
possible. The nature of the task — assessment of technology requirements versus 
current state of the art — necessitated involving directiy a large number of NASA 
and user /manufacturer technical personnel. 


The Future Payload Technology Requirements analysis was performed in four main 
steps, time phased over a span of approximately eight months (Figure 5), These steps 
are: 

a. Payload requirements analysis. 

b. Preliminary technology requirements definition. 

c. Verification of technology requirements/status, 

d. Data update and documentation. 


First, the payload advancement requirements were developed primarily by reviewii^ 
the July 1974 Level B SPDA data for Automated and Sortie payloads, which are those to 
be supported by the Space Transportation System during its first five years of opera- 
tion, The data was screened for areas of payload performance requirements that were 
indicated to be beyond the current state of the art. The data was consolidated and 
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Figure 5. Payload Advanced Technology Analysis Flow/Schedule 
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at^mented by the contractor Payload Specialists, The Payload Technology Panel was 
briefed on the findii^s at the first progress review in mid August 1974. 

These interim findings were presented and discussed with individual discipline special- 
ists and subsystem and technology specialists at NASA Headquarters during the same 
visit. The discussions concerned: 

a. Early study results — feedback and coinments on these fii*.dings, 

b. Other technology requiren^ents — additional items of concern or need as seen by 
the specialists. 

c. Contacts at NASA Centers — other specialists who are knowledgeable in the area 
and could be of assistance in confirming state of the art. 

An assessment of the commonality of these payload performance requirements was 
made, and preliminary technology advances (87 items) required to support these 
payload requirements were identified. 

During the early part of tiie second step a first version of the technology definitions, 
based on tlie payload requirements, was made to obtain an understanding of the tech- 
nology advances required and how they would relate to the state of the art. These 
technology findings were forwarded to previously identified knowledgeable specialists 
at the NASA Centers and JPL a few days before the visit. Visits were planned and 
scheduled as to date and hour, then confirmed or revised by telephone. Each item was 
reviewed on a one-for-one basis with the specialists during the visits. The discussions 
usmlly lasted from one to three hours and involved from two to six persons. Major 
topics discussed were: current state of the art versus requirements, expected advances, 
foreseen problems, and current or planned research work going on in the field. This 
collected data and Information were used as the basis for revising the technology items 
and determining sources of information outside NASA. 


The third and major step was that of upc^ting the technology requirement definition, 
includir^ the identification of options, potential problems, and technology schedule 
estimates. These revised technology definitions were mailed to NASA technology and 
discipline specialists for their review to verity that their applicable inputs had been 
properly interpreted and incorporated, A similar mailing was conducted with univer- 
sities, manufacturers, and research organizations to obtain their review and critique 
of state-of-the-art assessment, options, potential problems, and technology schedule. 

In the case of NASA, selected items, as well as supporting or related items, were 
sent to those who had previously contributed to them. For the other groups; e, g. , 
manufacturers/users, interest was established or confirmed by telephone in moat 
cases. 
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The fourth step coasisted of incorporatir^ aH appropriate revisions suggested by the 
results of the previous step and preparii^ the summary and final reports. 

In summary, the inputs have included verbal and written comments and data from 
NASA Headquarters, NASA Centers, Jet Propulsion Laboratory, and one university, 
Univer iity of California at Berkeley, to which a visit was made. Written comments 
and supporting data and references were received from the other contributors. The 
participants* major contributions have been as follows: 

NASA Headquarters: Review and verification of payload performance requirements and 
identification of cognizant teclmology specialists at the centers. 

NASA Centers: Review and verification of the state of the art of technology items and 
identification of planned programs. 

Universities, Research Organizations, and Manufacturers: Review of the current 
state of the art, technology problems/options, unperturbed technology advancement, 
and technology advancement schedule. 

All participants in this study are identified 'n Appendixes A and B. Their distribution 
by technology category was given in Figure 2, and their geographic distribution is in- 
dicated in Figure 6. 
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Figure 6, Geographic Distribution of Partkipants 
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SECTION 4 
RESULTS 

The overall results of this study show that a large number of technology items require 
advancement and that NASA will be required to provide most of this advancement. 

These items are identified and their state-of-the-ait levels along with need dates docu- 
mented. The type of detail data provided by this study is described below. 

4. 1 STATE -O F-THE -ART LE VE L 

The levels of the state of the art for the technology items are summarized graphically 
in Figure 7 for overall visibility. The ordinate indicates the various technology levels. 
The items represented by individual vertical lines are in numerical sequence within a 
technology category. The lower end of the line indicates the current level of the state 
of the art, while the upper end indicates the level to which it has been estimated that the 
technology should be advanced to meet the intended application (see legend in Figure 7). 

The circle on the line indicates the unperturbed level or expected normal advancement 
by the time the item is needed. Since NASA must provide the main advancement be- 
yond the unperturbed level, this level becomes the significant reference point. Some 
steps may be bypassed or not required in a specific item. Detail planning of the tech- 
nology development would indicate what should be done. 

The length of the line is indicative of the magnitude of the task required to advance that 
particular item from the current or the unperturbed level, as the case may be. For 
example, the sensor item 2. 10, which is a VIS-IR luminescence mapper, (see insert 
in Figure 7) requires level 6; i. e. , a demonstration in an aircraft environment. It is 
indicated to be at the current level of 3 but Is expected to be advanced to level 5 or be 
demonstrated in the laboratory by the technology need date, estimated to be 1976. 

One additional step, from level 5 to level 6, is necessary to bring the item to required 
maturity level, which is fl^ht test in an aircraft befiare commitment. 

For a second example, even if the line is short, which is the case of item 1. 1 (the large 
gamma ray survey instrument), a problem of advancement may be significant. The 
sensitivity and spatial resolution is to be advanced in this requirement. An increase 
in area by a factor of 130 is indicated for this instrument, and at the same time it 
must maintain high efficiency and energy resolutic a. A similar but much smaller in- 
strument has been operated in space. The extrapolation of its performance to the level 
of this new requirement is judged to be a major technology problem. 

When the need date is imposed on the number of steps and a rate of advancement number 
of steps per year is determined, the problem In the firstcase, sensor item2,10,is seen 
to be very critical if the unperturbed level should remain at the current level. A rate of 
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Figure 7. State of Art Levels 
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3 steps per year is required, counting from 1975, However, the rate does become 
more reasonable, or one step per year, if the unperturbed level is used as the ref- 
erence, The number of years from 1975 to the need date of the technology is indicated 
by the numbers 1 to 11 along the upper part of the chart. 

The number of steps in change of level of the state of the art shown for each item in 
Figure 7 is used to summarize the number of items by level, as given in Figure 8. 

The chart on the left shows that more than one-half of the items require an advance- 
ment of more than one magnitude level. The magnitude of the problem is indicated, 
but the criticality - discussed in the next section - Is dependent also on the time 
factor. 

The second chart in Figure 8 shows how the payload population, to which the technol- 
ogies will benefit, fits into the picture. Its shape is substantially the same as that of 
the other chart, which tends to show that the number of technology items in the respec- 
tive steps is proportional to the number of payloads that benefit from them. In other 
words, the technology advancement required is fairly well distributed throc^hout the 
payloads reviewed for applicabilily. 
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TCCHNOLOGY 
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A LEVEL STATE OF THE ART 
CURRENT-^ REQUIRED 
UNPERTURBED—^ REQUIRED 
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APPLICABILITY 
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CURRENT— ^REQUIRED 


05025CVF3147 


Figure 8. Technology items Summarized by Steps in State-of-Art Level 
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4.2 TIME FACTOR IN TECHNOLOGY ADVANCEMENT 

The previous section discussed magnitude of technology advancement; however, the 
time to make the advancement can be critical when the rate exceeds approximately one 
step per year. 

The three-dimensional histogram in Figure 9a shows the number of technology items 
for the various delta levels of the state of the art and the year in which the technology 
is needed. Most of the items are required to be satisfied within the first four years 
and are fairly well distributed. For example, approximately one-fourth of the items 
become due each year. There is a flat peak of 29 items in the third year. Items that 
fall near the lower right corner of the chart have the potential of requiring the most and 
immediate attention. 

The chart in Figure 9b shows how the items vary with rate of advancement. Technol- 
ogy items considered critical are identified by numbers and descriptive titles. For 
example item 2.21, which is large electrographic camera, is beneficial to astronomy 
payloads. The required resolution and field size is a factor of two better than current 
technology in the laboratory, which is level 5. The technology advancement could be 
satisfactorily demonstrated on a rocket flight, a level 7, which is testing in the space 
environment. The need date for this demonstration is 1976; therefore the required 
rate is two steps per year. The currently planned effort is not expected to move the 
technology beyond the current level of 5; therefore NASA must provide a substantial 
effort at a fairly high rate, 

A second example is item 8.4, which has to do with development of techniques and/or 
equipment contamination avoidance. This technology is required in 1978; it has been 
carried only to level 3 and needs to be demonstrated on the initial shuttle test flights, 
then finallv tested on selected optical model telescope payloads on shuttle sortie mis- 
sions. The required rate of advancement is 1. 6 steps per year. Here again, no one is 
expected to make appreciable advancement with this item outside NASA. It could be 
beneficial to all optical t3TJe payloads. 

4. 3 LISTING OF REQUIRED TECHNOLOGY ADVANCEMENTS 

Certain payloads in the various scientific and applications disciplines have been iden- 
tified as benefitting from advancements of the specific technology. The technology 
items are identified by decimal numbers, which are entered in tibe applicable disci- 
pline column in Table 2, The munber preceding the decimal point denotes the tech- 
nology category, while that following indicates the item sequence in that category. 

The commonality of application is indicated by the appearance of a particular item 
number in more than one discipline column. 

Of the total 91 items, almost one-third are in the sensor category. This may not be 
surprising since almost all payloads have some type of sensor (or detector), and the 
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Figure 9. Technology Need Date and Rate of Advancement Required 
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spectrum of measurement is quite varied from sensor to sensor, whereas in the solu- 
tion of a technology problem in a category such as TT&C, electrical power or instru- 
ment electronics can apply to a variety of payloads or even to disciplines. 

The technology requirement items are fairly well distributed throughout the disciplines, 
The specific technology items applicable to each discipline and the payloads within the 
discipline have been Identified. 

Table 3 shows the list of the technology Items, abng with the state-of-the-art levels, 
need dates, and applicable number of payloads for each item that were used in the 
analysis and discussions in the preceding sections. Important data included are the 
differences in levels between the current state of the art and the required state of the 
art and the technology need dates. As pointed out in the summary, the degree of 
difficulty in advancing the state of the art will depend not only on the number of levels 
to be advanced but where in the chain of advancement one is operating, and probably 
more importantly it will depend on the specific item itself. In any event, since the un- 
perturbed advance falls short of the required advance in 84 out of the 91 items, NASA 
should provide the major effort for the technology required payloads, otherwise 
project schedules may be unduly delayed, costs increased, or the planned research 
may fe.il. 

4.4 DATA PROVIDED ON EACH TECHNOLOGY ITEM 

The data provided for each technology item are given in a three-page format. The 
requirements are stated, state of the art indicated, options and problems identified, 
and finally a schedule to close the technology gap is shown. The structure of the data 
form, an example, and a description of content are shown In Figure 10. 


Table 3, List of Required Technology Advancement Items 






1 State of Art { 





Catogory 

Appllcition 

Technotogyt 

Assignment 

Item 

No, 

Technology Item 

Cur- 

rent 

Unper- 

turbed 

Reqd 

Levels 

C-R 

Need 

Date 

No. of 
P/L 

Remarks ‘ 

COLLECTORS 
Gamma Ray 

C 

1.1 

Large Gamma Ray Survey 

7 

7 

8 

1 

78 

2 

Area Increased by 

X-Ray 

C 

1.2 

Instrument - Sensitivity 
X-Ray Telescope - Sensitivity, 

7 

7 

B 

1 

79 

3 

Factor of X 130 
Area Increased by 

UV-tR 

c 

1.4 

Spatial Resolution, FOV 
Large UV-IR Tetescopo Optics - 

7 

7 

B 

1 

77 

5 

Factor of x 120 
Stray Light Control 

IR 

c 

1,5 

Figure, Efficiency 

Infrared Telescopes - Improved 

7 

7 

B 

1 

76 

5 

Benefits most IR 

IR 

c 

1.6 

Sensitivity, Minimized Local Flux 
LHd Cooled Telescope - Extended 

6 

6 

B 

2 

76 

1 

Payloads 

Minimize Local Flux 

IR 

c 

1.7 

Design Lifetime 

IR Scanner/Rodiometer - Improved 

7 

7 

8 

1 

77 

1 

and Cryogen Usage 
IFOV vs. Collector 

VIS-IR 

c 

1.8 

Temperature Measurement Accuracy 
Laser Optica! System - Alignment 

4 

7 

7 

3 

79 

1 

Area 

Savarel Additional Laser 

Microwave 

GE 

1.9 

Large Microwave Antanne Arrays — 

3 

3 

B 

2 

7S 

B 

Experiments Planned 
Dimonsional Stability 

SENSORS 
Cosmic Ray 

c 

2.1 

Alignment, Flatness 
Cosmic/Gamma Ray Spatial 

6 

6 

8 

2 

76 

4 

vs. Environment 
Dimensional Stability 

X-Ray 

c 

2,2 

Detectors — Resolution, Stability 
X'Ray Transmisston Grating - 

7 

7 

8 

1 

79 

6 

Survive Launch and 

X-Ray 

c 

2.3-1 

Dimensional Stability 
X-Ray Maximum Sensitivity 

7 

7 

8 

1 

79 

4 

Orbital Environments 
Closed Cycle Cryogenic 



Potector - Sensitivity, Charged 







Cooling System 


P^ritcls Rejaction 

+ C - Convpir, GE - General Electric, R1 - Rockwell Intornationol 
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Category 

Application 

Technologvt 

Assignment 

Item 

No, 

Technology Item 

Cur*' 

rent 

Unper- 

turbed 

Reqd 

Levels 

C-^R 

Need 

Date 

No, of 
P/L 

Remarks 

SENSORS (Contd) 
X’Rav C 

2.3'2 

X-Ray Polarimetor — Sensitivity, 

B 

5 

7 

2 

7B 

4 

Crystal Sla’™ Thermal & 

X-Ray 

C 

2.4 

Dimensional Stability 
X-Ray Proportional Counter — 

7 

7 

8 

1 

70 

4 

Dimensionel Control 
Wire Grid vs, Solid Stats 

X-Ray 

c 

2,5 

Speotral, Spatial & Temporal 
Resolution 

Modulation Collimatad Scintllletion 

1 5 

5 

7 

2 

77 

2 

Arrays 

Machanical Modulation 

X-Ray 

GE 

2,6 

Counters - Spatial Resolution 
X*Roy Convarter/lntansifler - 

3 

B 

7 

4 

70 

1 

Destra 108 Picture 

UV 

C 

2.7 

Increased Rosolution, Variable 
FOV 

Echelta Spectrograph - Increased 

7 

7 

8 

1 

77 

a 

Elamems/Frama 
Resolution 
Structural Stability, 

VIS4R 

C 

2.B 

Sensitivity £i Spactra) Resolution 
VIS-IR Mfippor/Sansor Assy, “ 

7 

7 

B 

1 

78 

4 

Stray Light Control 
Mechanically Scanned 

VIS-IR 

C 

2,9 

Improved Accuracy, Rosot., IFOV 
■ntamatlc Mapper - Improved 

B 

6 

6 

1 

76 

4 

vs. Static Matrices 
Improvement Factor 

VIS-IR 

c 

2,10 

Regisuatlon Accuracy 
VIS-IR Luminescence Maopar - 

3 

5 

6 

3 

76 

1 

X10 

Datactlon within 

VIS-IR 

C 

2,11 

Improvad Spectra! Resotutlon 
VIS-IR Mapper for Coastal Zona 

7 

7 

8 

1 

76 

1 

Fraunhofer Lines 
Spectral Bands 
Multlspactra! Lina 

VIS-IR 

c 

2,12 

0^.;aBnagraphy - Accuracy, 
Resolution, IFOV 

Scanning SpectroradlomatBr - 

6 

6 

8 

2 

76 

2 

Scannars 

Multispectral Redlo- 


tmprova Accuracy, Reduca IFOV mBtfto Mefliuramina 

t C - Canuair, QE - Oenaral EtaMrlc, Rl - Rockwoll Intemaiionei 
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Table 3 


List of Required Technology Advancement Items , (Contd) 






1 State of Art | 

No. of 
Levels 
C-*H 




Category 

Appitcauon 

Tcclmologyt 

Assignment 

Item 

No. 

Technology Item 

Cur- 

rent 

Unper* 

turbed 

Reqd 

Need 

Date 

No. of 
P/L 

Remarks 

SENSORS (Contd) 

VIS-1 R C 

2.13 

Ocean Scanning Spectra phoiom’ 

7 

7 

8 

1 

77 

2 

MuUiband Radiometric 

IR 

C 

Gtor ImprovG Accuracy, 

Reduce IFOV 

2.14- 1 IR Photometer -Select Various 

Narrow Bends in 2-1000^ Range 

2.14- 2 IR Intarfaromeier Spectrometer - 

7 

7 

8 

1 

76 

3 

Measurements 
Compatible with Cryo> 

IR 

c 

6 

G 

8 

2 

76 

5 

genically Cooled 
Telescopes 
Thermal Control in 

IR 

Rl 

2.15 

Increased Spectral Range Si 
Resolving Power 

IR Interferomater Spectrometer - 

* 

• 

5 


79 

1 

1.5K--2K Range 
Operate in oupiter 

IR 

C 

2.1G 

Reduced Radiation Effects 
Pyroelectric Detector - Increased 

4 

B 

8 

4 

77 

4 

Radiation Environment 
Attempt Room Temper- 

Microwave 

GE 

2.17 

Detectivity Without Cryo Cooling 
Soil Moisture Sensor - Dauelop 

4 

5 

6 

2 

79 

2 

ature Operetit n 
Active and/or Passive 

Micro wave 

GE 

2.18 

All-Weather Capability 
Range and Range Rate Sensing - 

4 

4 

5 

1 

80 

2 

Microwave Tethniquos 
Pcrformanca Improve- 

VISUV 

C 

2.19 

Improved Performance, Reduced 
Size end Weight 

High Resolution Photon Counting 

4 

4 

7 

3 

80 

4 

ment Factor x 10 
Batter Match of Electronic 

VIS-UV 

C 

2.20 

Detector - Improved Resolution 

and Dynamic Range 

VlS-UV Polarimeter - Improved 

5 

5 

7 

2 

78 

2 

Imeging Device Capa* 
bility to Optics 
Mult;spectTBl B^tnd 


Sensitivity and Rasolmion Msasuremoms 

* There is some HOD activity 

t C - Convair, GE - General Electric, Rl - Rockwell International 
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No. of 
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Catagory 

Application 

Technologyt 

Assignment 

Item 

No. 

Technology Item 

Cur* 

rent 

Unper- 

turbed 

Reqd 

Levels 

C-R 

Need 

Date 

No. of 
P/L 

Remarks 

SENSORS (Contd) 










VIS-UV 

C 

2.21 

Electrortographic Camera - Higher 
Sensitivity, Improved Resolution 

5 

5 

7 

2 

76 

4 

Large Area, Largo Angle, 
Noiseless Gain 

IRXUV 

C 

222 

Universal Filters — Ar justable 
Band Pass and Wavelength 

5 

S 

7 

2 

78 

52 

Permits High Accurecy 
Filter Photometry 8i 
Broad Application 

IRVIS 

c 

223 

Advanced Atmospheric Sensors 
Group - Improved Accuracy, 
Selectivity and Resolution 

7 

7 

8 

1 

77 

3 

Measure Atmospheric 
Potlutantfi end Natural 
Constituents 

Gravity 

Moasurement 

GE 

224 

G-JItier Determination - Develop 
Measurement Instrumentation 

2 

3 

B 

3 

79 

12 

Define Shuttle end Specelob 
Operating Environment 

Mass 

Measurement 

GE 

2.25 

Moss Measurement - Develop 
Device for Use In Zero G 

2 

2 

5 

3 

80 

2 

High Accurecy and Very 
Small Masses Involved 

Releiivity 

Rl 

226 

Precession Gyro - High Accuracy 
Readout 

5 

5 

L 

3 

78 

1 

Related to Reletivity 
Theory 

GENERATORS 

Laser Comm. 
SYSTEMS 

Rl 

3,1 

Lasers 

5 

e 

8 

3 

7B 

1 

Loser Diode Pumping 
for Nd:YAG Laser 
Communication 

IR 

Rl 

4.1 

LIDAR System - Davalop 
Space Qualified System 

4 

6 

6 

2 

78 

1 

Cloud Measurements, 
Aerosol Analysis 

IR 

Rl 

42 

Nephelometer — Analysis of 
Planetary Atmosphere 

4 

7 

8 

4 

79 

4 

Gperate in Plenetery 
Environment 

Microvrava 

GE 

4.3 

Synthetic Aperture Rader - 
Multlfrequoncy, Wideband 

3 

5 

7 

4 

79 

1 

Need Onboard Compensa- 
tion for Doj^ler Effect 


t C - Convair, GE - Gensre! Electric, Rt — Rockwell International 
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Table List of Required Technology Advancemont Items, (Contd) 






1 State of Art 

No. of 
Levels 
C-R 




Cotegorv 

Application 

Tcchnologyt 

Assignment 

Item 

No. 

Technology Item 

Cur- 

rent 

Unper- 

turbed 

Rettd 

Need 

□ate 

No, of 
pyL 

Ramarks 


SYSTEMS ;Cotitd) 
Mteiuv/uve 

GE 

4.4 

W.ive Haight Altimeter ^ Improve 
Mrjasurament Precision 

Radio 

GE 

4£ 

T ransmitter/Coupler System - 
High Power Xmissioti Short 
Antenna — Ra r Wave Length 

SPECIAL DEVICES 




Liquid & 

GE 

5.1 

Lt'vitation Unit - Provide Position 

Solid 



Si Temperature Control 

Bio Gt Organic 

GE 

5.2 

Electrophoretic Column/Practiona] 
Collecting System - Fluid Handling 
Techniques 

Encke 

RI 

5.3 

Solids Analysis Package - 

Particles 



Chemical Analysis of Comet Tail 

Radio 

GE 

5.4 

High Power, High Elficiency 
Transmitter - Communications 

Service 

C 

5.7 

Self Aligning Multipin Electrical 
Connector Assembly 

inertial/electromechanical 

Gravity 

GE 

6.1 

Accelerometer for Gravity 
Meisurements 

LIFE SCIENCES 
Biological 

C 

7.1 

Life Sciences Organism Holding 


Units — DflvBlopment 


3 

5 

6 

3 

70 

1 

Desire AILWeather 
Capability 

5 

5 

7 

2 

79 

1 

Automatic Antenna 
Tuning Devices Required 

3 

4 

6 

2 

78 

3 

Space Processing rn 
Micro -Gravity 

3 

3 

5 

2 

79 

2 

Reduced Wall Contami- 
nation Necessary 

4 

4 

7 

3 

79 

2 

Measure Small Atom'ic 
Mass Units 

4 

5 

'5 

1 

79 

1 

Circumvent Plasma 
Effects 

4 

4 

7 

3 

7fi 

9 

Far resupply & 
Refurbishment 

3 

5 

7 

4 

79 

1 

Improve Sensitivity 
Foctor X 103 

5 

5 

B 

4 

77 

2 

Environmemal Control, 
Waste Managemont. 
Data Interface 


T C - Convair, GS - General Electric, Ri - Rockwell Internationel 
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Category 

Tcchnologyt 

Item 

Cur- 

Unper-i 

Levels 

Need 

No. of 


Application 

Assignment : 

No. Technology Item 

rent 

turbed jneqd 

C-R 

Date 

P/L 

Remarks 


life SCIENCES IContd) 


Bio-Functional 

C 

7.2 

Biqrcsearch Centrifuge ~ 3 

Development 

Electro-Mech 

C 

7.3 

Teleoparator Subsystems - 5 

Development 

Biological 

c 

7.4 

Surgflrv In Space-Zero G Techniques 4 

CONTAMINATION 

Optical fSr 
Plasma 

c 

8.1 

Active Cleaner - Optical Surfaces 5 

IR-X-Ray 

c 

8.2 

Advanced Contamination Monitors - 7 
Develop Instrumentation Set for 
Telescope Internal Monitoring 

IR-X-Ray 

c 

8.3 

Contamination Process Mechanisms — 7 
Better Understanding 

IR-X-Ray 

c 

8,4 

Contamination Avoidance Devices - 3 
Development of Techniques & Equip 

STRUCTURAL fii SPACECRAFT MECHANICAL 

Plasma St 
Fields 

c 

9,1 

Instrument Boom, 50m — Alignment 4 
and Pointing Accuracy 

Free Flyers 

c 

9.2 

Payload Spacecraft Structure - 4 

Weight Reduction 

Cosmic Si 
G amma Ray 

c 

9.3 

Protective Sholl/Cover - 4 

Environmental Control 


3 

5 

2 

78 

1 


7 

8 

3 

78 

1 

Video Displays, Manip- 
ulators, End Effectors 

4 

5 

1 

78 

2 

Tool & Instrument Reten- 
tion, Fluid Confinement 

5 

7 

2 

30 

9 

Extend Useful Life 
Space Optics 

7 

B 

1 

78 

9 

Sensitivity Improvement 
Factor x 10 

7 

8 

1 

77 

9 

Theoretical Models, Lab 
Si Space Experiments 

Z 

8 

5 

78 

9 

Improved Protectiva 
Measures 

4 

5 

1 

79 

B 

Oynemic Response, 
Thermal Effects, 



• 



Retractabllity 

4 

5 

1 

79 

14 

Critical for Geosynch 
Payloads 

4 

7 

3 

78 

7 

Thermal & Material 
Protection Without 
Degrading Signal 


t c - Concair, GE — General Electric, RI — Rockwell International 
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Cateijorv 

Application 

Technalogvt 

Assignment 

Item ' 
No, 

Technology Item 

Cur- 

,'ont 

1 Unpci-' 
turbeJ 

Reqil 

Levels 

C-^ 

Need 

Date 

No. of 
P/L 

Remarks 

STRUCTURAL Ei SPACECRAFT MECHANICAL (Contd) 








m UV 

C 

9.4 

Metering Stmeture. Solar Tele- 
scopes - Reduce Thermal Sansittvity 

4 

h 

5 

1 

77 

3 

Dimsnstonal Stability 

Plano tnry 

c 

S3 

Entry Probe - Low Weight Haat 
Shield Technology 

7 

7 

8 

1 

78 

3 

Planetary Entry, 
Largo AV 

X-Ray 

c 

2.0 

InstTumetii Mount/Selector - 
X-Ray Dctectort 

4 

4 

5 

1 

79 

3 

High Dimensional Accuracy 
vs. Spaco Environment 

Service 

C ■ 

9.7 

Medtile Resupply MacKonism 

4 

4 

7 

3 

78 

2Z 

In- orbit refurbish/ 
resupply spacecraft 

Service 

c 

9.8 

Spacecrah Docking/ 

Daployrneni & Rotontion 
Mechanism 

4 

4 

7 

3 

78 

22 

To launch or retrieve 
S/C while in orbit 

Service 

c 

9,9 

EVA Eqpt & Tools for 
Opor, Rep^fir & Serv of S/C 

3 

3 

7 

4 

78 

22 

To resupply and 
Refurbish S/C in orbit 

Service 

c 

9.10 

Remote Manipulator System End 
E (fee tor Mechanism - Shuttle 
to Spacecraft 

4 

4 

7 

3 

78 

22 

To launch or retrieve or 
refurbish S/C in orbit 

Service C 9,11 

ENVIRONMENTAL CONTROL 

Spacecraft to Tug Docking 
Mediamsms 

3 

3 

7 

4 

81 

14 

Resupply & refurbish 
Spacecraft in Geosynch orbit 

IR 

Rl 

10.1 

Chambar/Salecior - (R Insirumants 

4 

4 

7 

3 

78 

5 

Operate at Cryogenic 
Temperatures at Minimum 
Losses 8c Local Flux 

C02 

Desorption 

Rl 

10.4 

Zero Gravity Steam Generator - 
Davetopment 

4 

4 

7 

3 

79 

1 

Engineering Model 
Exists 


• C - Convair* GE - GencraJ Elecinc, Rl “ Rockwell Iniornaltonal 


1 ' 



1 State of Art | 


1 



Categorv Technologyt 

Application Assignment 

Item 1 
Na , 

Technology Item 

1 . _ .. 

Cur- 

rent 

Unper- 

turbed 

1 

Reqri 

Leveif 1 

j 

Need 

Date 

No. of 
P/L 

Remarks 

ENVIHONMENTA*. PROTECTION 









Planetary Rl 

CRYOGENIC CONTROL 

11.1 

Structural/Mflchanism - Thermal 
and Pressure Protection for 
Payload Instruments 

4 

4 

5 ■ 

1 

.80 

1 

Venusian Surface 
Environment 

Supercon- Rl 

duction 

12,1 

Liquid Helium Cryostat Dowar - 
Develop Flight Wel^t Unit 

3 

4 

B 

5 

7B 

1 

LHe (1.GK) required for 
Precision Gyro Cooling 

IR (Long Rl 12.2 Liquid Helium Recycling Unit - 

M^siton) Develop Low Power, Long 

Life Unit 

GUIDANCE, NAVIGATION 8H CONTROL 

4 

4 

7 

3 

77 

9 

Threa Systems Under 
Consideration 

Planetary Rl 

13,1 

Long Teim Guidance for Low 
Thrust Technology 

3 

7 

7 

4 

70 

4 

Ad van cad Laser Gyros, 
Star T rackors. Software 

Planetary Rl 

13,2 

Structures/Mechanltm — Automatic 
& Remote Docking (Ratum) 

3 

3 

5 

2 

81 

1 

Orbital Rendezvous 
Required Contming 
Back Contamination 

PROPULSION 

Planetary Rl 

14,1 

Solar Electric P( jpulslor Stage - 
Dovalopment of Long Life 
Thrusters and Power Processor 

4 

4 

7 

3 

79 

4 

High Impulse Required 
for Planotarv Mission 

Station Rt 14.2 Ion Engine Propulsion Subsystem - 

Keeping Devotop Long Ufetlme (10 years) 

Components 

ATIITUDE CONTROL/MEASUREMENT 

4 

4 

7 

3 

78 

1 

Long Life Station’ 
keeping Thrusters 

Astrono«»v & GE 

Physics 

1E1 

Tracker/Fleld Monitor Assy, **■ 
Improved Sapsltlvitv^ Accuracy 
and Stability 

3 

4 

5 

2 

77 

18 

Standard Fine Tracker 
& CorrelBtod Field 
Monitor 

Earth GE 

Rosourcos 

15.6 

Advanced Attitude Sensing 
System - Increased Accurocy 

3 

5 

7 

4 

77 

9 

Accuracy Improvement 
Factor x 10 


+ C - Convalf, GE - Ganeral Electric, HI - Rockwell Internetlonal 
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Table 3. List of Required Tectoology Advancement Items, (Contd) 



1 



1 State of Art | 

No. of 
Levels 
C-R 


1 


Catogary 

Application 

Technalogyt 

A'.signmQnt 

Hem 

No. 

Technology Item 

II 

Unper 

turbed 

Rcqri 

Need 

Data 

No. of 
P/L 

Remarks 

TLM, tracking 8t COMMAND 









Planetary 

GE 

16.1 

Data Transmission System for 
Planotary Entry Prabo*+o-Bus 
Data Link 

3 

6 

5 

2 

7fl 

3 

Stringent Size, Waight 
8( Power Constraints 

Monitor & GE 

Control 

ELECTRICAL POWER 

16,4 

Memory Unit for On-Orblt 
Functions - Develop Small. 
High Capacity Unit 

4 

6 

7 

3 

B1 

3 

Rapid Access ^ 
Largo Memory 

PbnQtary fit 
EartJi Appl. 

GE 

17.1 

High Votiago SO lor Array - 
Dflvelop Low WfligliL High 
Roliability Camponunts 

4 

5 

7 

3 

80 

14 

High Voltage Switching 
Devices Required 

Plasma GE 17.5 

Earth Appl. 

INSTRUMENT ELECTRONICS 

High Energy Density Battery - 
Develop Lightweight, Long Life 
Battery 

3 

4 

5 

2 

79 

14 

Dosira Power Density 
Improvement Factor 
x2.5 

High Energy 

C 

1S.1 

SubnonosBcond Pulse Mcasuremem 
fit Correlation Potaction 

4 

5 

5 

1 

76 

4 

Time Interval Resolution 
Improvement Factor x 1000 

Cosmic Ray 

C 

18.2 

Cryogenic Superconducting 
Magnet Control - Reduce 
Charge/Dischargo Timu 

B 

6 

10 

4 

77 

3 

Minimize Lost Time In 
7-day Flight 

Gravity 

c 

18.5 

Analog/Digitat Filtering - Increcse 
to iSMiit Accuracy for Gravity 
Gradiometer 

5 

5 

8 

3 

77 

1 

Minimize Error. 
Curve Fit 


■ C Convair, GE - General Electric, Rl - Rockwell Internaticsnel 
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1 State of Art | 

No. of 
Levels 
C-R 




Category 

Application 

Technologyt' 
p.»signmcnt | 

Item 

No. 

Tachnologv Item j 

Cur- 
j rant 

Unper- 

turbed 

Reqd 

Need 

Data 

No. of 
P/L 

Remarks 

SOFTWARE 

Alt 

Disciplines 

C 

19.1 

Onboard Softwam Programs - 
Oovetop Low Cost Software for 
P/L Operations 

4 

7 

8 

4 

76 

30 

Cost Reduction Factor 

EOfiiOP 

Disciplino 

c 

19.2 

Software for GNBtC - Support 
High Accuracy Exrarimont 
Pointing 

7 

7 

3 

1 

76 

4 

Batter Accuracy 

Astr Sc 
High Energy 

c 

19.3 

Software for Attitudo Control - 
Experiment Sensor Pointing 

7 

7 

B 

1 

78 

10 

Better Accuracy 
&L Filtering 

Astr, HE S* 
Solar Phy 

c 

19,4 

Software for Experiment Control, 
Monitoring, Data Processing 
and Data Quality Control 

7 

7 

8 

1 

78 

6 

Low Cost Compact 
Multichannel 
Exp. Correlation 

All 

Disciplines 

GE 

19.B 

Onboard Processing of Data for 
Payload Experimant/Qperations 

6 

6 

3 

2 

77 

92 

User Compatible On* 
Board Data Procossing 

All 

Disciplines 

GE 

19.6 

Date Retrieval and Ground Based 
Transformation and Distribution 

5 

S 

8 

3 

78 

53 

Ground Based Quick 
Access Data Processing 
{User Compatibility) 


+ C - Convalr, GE - Gonorol Efoctric, Rl - Rockwall Intornotional 
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CONTEMTOF FORM 

PERFORMAMCE REQUIRED OF EQUIPMEMT 
OR PROCESS 

CURRENT PERFORMANCE THAT CAN BE RE- 
LATED TO THAT R EQU I R ED 

RELATIONSHIP BETWEEN REQUIRED & CUR* 
RENT STATE O F TH E ART 

RATIONALE FOR SELECTING PARAMETERS 
THAT DROVE TECHNOLOGY & BENEFITTING 
PAYLOADS OF DISCIPLINES 

WHAT IS TO BE DONE TO DEMONSTRATE 
THAT TECHNOLOGY HAS BEEN ADVANCED 
SATISFACTORILY FOR INCLUSION IN PRO- 
GRAM 

HOW PAYLOAD IS AFFECTED BY VARIATION 
IN CRITICAL PARAMETERS & POTENTIAL 
PROBLEMS IN ADVANCING STATE OF THE 
ART 

ALTERNATIVE TECHNOLOGIES THAT MAY 
BE APPLICABLE - ANOTHER WAY THAT 
MAY BE ACCEPTABLE 

LIST OF ON-GOING OR PLANNED TECHNOLO- 
GY PROGRAMS THAT ARE CLOSELY RE- 
LATED TO THE TECHNOLOGY & EXPECTED 
UNPERTURBED LEVEL 

OTHER TECHNOLOGY ADVANCES NECES- 
SARY TO SUCCESS OF STATED REQUIRE- 
MENT 

NEED DATE OF TECHNOLOGY TO SUPPORT 
FLIGHT SCHEDULE 

PAYLOAD LAUNCH DATES - NO. LAUNCHES 
LIST OF DATA SOURCES 
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Figure 10* Definition of a Technology 


SECTION 5 


CONCLUSIONS 

Much fundamental understanding of the payload requirements in the scientific and appli- 
cations disciplines and the technology advancements required to meet these requirements 
exists respectively within the NASA scientific and technology community. This study has 
tended to bring into focus and compare, on a one-to-one basis, the requirement versus 
state of the art. 

A large gap exists between the performance requirement and current state of the art for 
many of the payloads. The scaling laws to make logical extensions are not always under- 
stood and require revision as the technology advances. Therefore, the precision of pre- 
diction is diminished as the ratio of improvement increases, which is one to two orders 
of magnitude in the case of some collectors and sensors. There will be an advancement 
toward closing this gap, but unless NASA provides the resources for it, the advance- 
ment win not be sufficient by a large margin. Only 8 percent of the defined technology 
items will be ready when needed unless NASA provides the major effort for the required 
technology. 

Some technologies require large improvement over that which exist today, some require 
several levels of advancement, and most are required to be advanced to the required 
level within the next three to four years to support the NASA payload mission schedule. 
The time rate of advancement is critical for about one-fifth of the technology items. 

The payloads in the second five years of the shuttle era will be more advanced than those 
planned for the first five years. The study emphasis was on those payloads planned for 
the first five years whose performance data available for review was defined to level 
B detail, while the more advanced payloads were defined only to level A. However, the 
performance requirements of these later payloads are sufficiently well understood to 
warrant initiation of their review and analysis to ensure that the technology advance- 
ments identified here and the subsequent operation of their benefiting payloads do 
indeed lead to the planning of a technology program that is timely and continuous. 
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SECTION 6 

RECOMMENDED FUTURE EFFORT 

Five aa’eas of future work based on the findings of this study are indicated. 

a. A direct and logical next step is the development of technology program planning 
requirements such as the estimate of cost, schedule* and technical benefit of the 
technology advancement and the selection of the optimum technology advancement 
approach. 

b. NASA is continulr^ to review and update its payload definitions and performance 
requirements, therefore the technology advancement requirements should be up- 
dated in consonance with that activity. The methodology has been proofed during 
this study. 

0 . The definition of software has advanced technology requirements, since software 
has potential for impact on cost and performace with broad applicability. Software 
is crucial to basic payload performance. 

d. The definition of data processing and distribution technology advancement require- 
ments is important, because the payloads generate an enormous quantity of data. 
The value of a payload is related to the quantity of information acquired and the 
timely use of that information. This technology has broad application in that it 
covers all disciplines and payloads, 

e. The assessment of perturbed versus unperturbed technology should be made. 

Such investigation would determine if any tangible penalties — such as increased 
payload cost, number of flights , or reduced mission effectiveness — can be iden- 
tified that are attributed to not achievir® the required performance level. 
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SECTION 7 


DEFINITION OF TECHNOLOGY 
REQUIREMENTS 

The payload advanced technology requirements defined in this section were developed 
primarily by reviewing the July 1974 Level B Space Transportation S^ stem Payload 
Data and Analysis (SPDA) data for both Automated and Sortie payloads. The payloads 
are listed in Tables 4 and 5. The data was screened for areas of techsiology advance- 
ment indicated to be beyond the cur rent state of the art and judged to be required to 
meet the payload performance requirements. The data was consolidated and augment- 
ed by the payload specialists and reported to the NASA Payload Technology Panel at the 
first progress review in the working paper ’’Payload Advanced Technology Require- 
ments", Report No, ATR-WP-001, dated 20 August 1974. 

The technology advancement required to meet the payload performance requirement 
has been sorted and assembled by category (e.g. , sensors, collectors) as indicated 
in Table 6. Two preliminary versions of these requirements were contained in work- 
ing paper reports "Definition of Technology Requirements", Report No. ATR-WP-003, 
dated 31 October 1974, and "Futn'’c Payload Technology Requirements Study", Report 
No. ATR-WP-004, dated 6 December 1974. The estimates of each technology item 
identified have been documented on a basic three-page form with additional contin- 
uation sheets as required. The current state of Ihe art is indicated for each item, the 
requirement stated, alternatives and px’oblems identified and, finally, a schedule to 
close the technology gap is shown. The format and instructions for filling out the foirm 
are shown in Figure 11. 

Certain payloads in the various scientific and applications disciplines have been identi- 
fied as benefitii^ from advancements of the specific technology. The technology items 
were identified to the applicable disciplines in Table 2, page 4-6. 

The technology requirements as defined in this study are presented in the forms that 
follow. The letter or letters preceding the item number have significance only in that 
they identify the study team member responsible for that item. Through the process 
of combining one or more items with another, or dropping some because the investi- 
gations show that the requirements were within the state of the art, a few gaps in the 
numerical sequence will be observed. Table 7 identifies the disposition of the missing 
items. 

The symbols used in the definition forms are given in Table 8. The technology definition 
forms by category versus page location is given in Table 9 on page 7-11. 
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Table 4. SPDA Automated Payloads 

Note: Number in title is payload code number used in October 1973 NASA Payload Model. 


ASTRONOMY 


ATMOSPHERIC & SPACE PHYSICS 


♦AS-01-A 

*AS-0Z-A 

*AS03-A 

AS-05-A 

AS-07-A 

AS-11-A 

AS-13-A 

AS-14-A 

AS-16-A 

AS-17-A 


LARGE SPACE TELESCOPE {AST-6) 

EXTRA CORONAL LYMAN ALPHA EXP {AST-1) 
COSMIC BACKGROUND EXPLORER {AST-1) 
ADVANCED RADIO EXPLORER (AST-1) 

3.0M AMBIENT TEMPERATURE IR TELESCOPE (NEW) 
1.5MIR TELESCOPE (NEW) 

UV SURVEY TELESCOPE (NEW) 

1.0M UV-OPTICAL TELESCOPE (AST-8) 

LARGE RADIO OBSERVATORY ARRAY (AST-8) 

30M IR INTERFEROMETER (NEW) 


HIGH ENERGY ASTROPHYSICS 


*HE-01-A 

♦HE-03-A 

HE-05-A 

*HE-07-A 

*HE-fl8-A 

*HE-D9-A 

HE-10-A 

♦HE-11-A 

HE-12-A 


LARGE X-RAY TELESCOPE FACILITY (AST-9) 
EXTENDED X-RAY SURVEY (AST-5) 

HIGH LATITUDE COSMIC RAY SURVEY (AST-5) 
SMALL HIGH ENERGY SATELLITE (PAY-1) 
LARGE HIGH ENERGY OBSERVATORY A (AST-5) 
LARGE HIGH ENERGY OBSERVATORY B (AST-4) 
LARGE HIGH ENERGY OBSERVATORY C (AST-5) 
LARGE HIGH ENERGY OBSERVATORY D (AST-9) 
COSMIC RAY LABORATORY (PHY-5) 


SOLAR PHYSICS 


SD-02-A - LARGE SOLAR OBSERVATORY (AST-2) 

♦S0-03-A - SOLAR MAXIMUM SATELLITE (AST-3) 


•REQUIREMENTS DEFINED TO LEVEL B (48 PAYLOADS) 


•AP-B1-A - UPPER ATMOSPHERE EXPLORER (PHY-1) 

•AP-02-A - MEDIUM ALTITUDE EXPLORER (PHY-1) 

•AP-03-A - HIGH ALTITUDE EXPLORER (PHY-1) 

•AP-04-A - GRAVITY & RELATIVITY SATELLITE- LEO (PHY-2) 

*AP-05-A - ENVIRONMENTAL PERTURBATION SATELLITE- 

MISSION A (PHY-3) 

AP-06-A - GRAVITY & RELATIVITY SATELLITE-SOLAR (PHY-2) 

AP-07-A - ENVIRONMENTAL PERTURBATION SATELLITE- 

MISSION B (PHY-3) 

AP-OB-A - HELIOCENTRIC & INTERSTELLAR SPACECRAFT 

(PHY-4) 

EARTH OBSERVATIONS 


EO-07-A 

•EO-08-A 

•EO-D9-A 

•EO-10-A 

•EO-12-A 

•EO-56-A 

•E0-57-A 

•EO-58-A 

EO-59-A 

•E0-61-A 

E0-62-A 


ADVANCED SYNCHRONOUS METEOROLOGICAL 
SATELLITE (EO-7) 

EARTH OBSERVATORY SATELLITE (EO-3) 
SYNCHRONOUS EARTH OBSERVATORY 
SATELLITE (EO-4) 

APPLICATIONS EXPLORER (SPECIAL-PURPOSE 
SATELLITE (E0-5) 

TIROS '0'(E0-6) 

ENVIRONMENTAL MONITORING SATELLITE (NN/D-8) 
FOREIGN SYNCHRONOUS METEOROLOGICAL 
SATELLITE (NN/D-9) 

GEOSYNCHRONOUS OPERATIONAL 
METEOROLOGICAL SATELLITE (NN/D-10) 
GEOSYNCHRONOUS EARTH RESOURCES SATELLITE 
(NW/D-12) 

EARTH RESOURCE SURVEY OPERATIONAL 
SATELLITE (NN/D-11) 

FOREIGN SYNCHRONOUS EARTH OBSERVATORY 
SATELLITE (NN/D-13) 



Table 4, 


SPDA Automated Payloads (Cont'd) 


EARTH & OCEAN PHYSICS 


PLANETARY 


* OP-Bl-A - 

GEOPAUSE (EOP4) 

*PL-01-A 

— 

MARS SURFACE SAMPLE RETURN (PL-7) 

*OP-02-A - 

GRAVITY GRADIOMETER (EOP-5) 

PL-02-A 

— 

MARS SATELLITE SAMPLE RETURN (PL-8) 

*OP-03-A - 

MINMA6E0S (EOP-6) 

*PL-03-A 

— 

PIONEER VENUS MULTIPROBE (PL-10) 

*OP-04-A - 

GRAVSAT(EOP-7) 

PL-B7-A 

— 

VENUS RADAR MAPPER (PL-11) 

*QP.05A - 

VECTOR MAGNETOMETER SATELLITE (EOP-8) 

PL-08-A 


VENUS BUOYANCY PROBE (PL-12) 

*OP-fl6-A - 

MAGNETIC FIELD MONITOR SATELLITE (EOP-9) 

PL-09-A 

— 

MERCURY ORBITER (PL-13) 

* OP-07-A - 

SEASAT -B (EOP-3) 

PL-10-A 


VENUS LARGE LANDER (PL-14) 

OP-51-A - 

GLOBAL EARTH & OCEAN MONITOR SYSTEM (NN/D-14) 

» PL-11 -A 

— 

PIONEER SATURN/URANUS FLYBY (PL-18) 



*PL-12-A 

~ 

MARINER JUPITER ORBITER (PL-19) 

SPACE PROCESSING 

*PL-13-A 


PIONEER JUPITER PROBE (PL-20) 

*SP-01-A - 

SPACE PROCESSING FREE FLYER (NEW) 

PL-14-A 

- 

SATURN ORBITER (PL-21) 



PL-15-A 

- 

URANUS PROBE/NEPTUNE FLYBY (PL-22) 

LIFE SCIENCES 


PL-16-A 


GANYMEDE ORBITER/LANDER (PL-23) 



*PL-18-A 

_ 

ENCKE RENDEZVOUS (PL-26) 

*LS-02-A - 

8I0MEDICAL EXPERIMENT SCIENTIFIC SATELLITE (LS I) 

PL-1 9- A 

— 

HALLEY COMET FLYBY (PL 27) 

SPACE TECHNOLOGY 

PL-20-A 

- 

ASTEROID RENDEZVOUS (PL-28) 



*PL-22-A 

— 

PIONEER SATURN PROBE (PL-17) 

*ST-D1-A - 

LONG DURATION EKPLOSURE FACILITY (ST-1) 





COMn/lUNICATIONS/NAViOATION 


LUNAR 


*CW-51-A 

*CW-52-A 

*CW-53-A 

*CW-5S-A 

*CW-55-A 

*CW-56-A 

♦CK-58-A 

CN-59'A 

CN-60-A 


INTELSAT (NN/D-1) 

U.S. OOWiSAT 'A' (NW/D-2) 

U.S. OOUflSAT ’B' (NN/D-2) 

DISASTER WARNING SATELLITE (NN/D-3) 

TRAFFIC MANAGEMENT SATELLITE (NN/D-4) 

FOREIGN COMMUNICATIONS SATELLITE (NN/D-S) 

U.S. OOMSAT'C'(NN/D-2) 

COMMUNICATIONS R&D/PROTOTYPE SATELLITE {NW/D-6) 
FOREIGN COMMUNICATIONS SATELLITE B (NN/D-5) 


*LU-01-A - LUNAR ORBITER (LUW-2) 

LU-02-A - LUNAR ROVER aUN-3) 

LU-03-A - LUNAR HALO SATELLITE (LUN4) 

LU-04-A - LUNAR SAMPLE RETURN (LUN-5) 


31 SHUTTLE DELIVERED P/L 
50 SHUTTLE + TUG DELIVERED P/L 


^REQUIREIWENTS DEFINED TO LEVEL B (48 PAYLOADS) 
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Table 5. SPDA Sortie Payloads 


ASTRONOMY 


♦AS-OTS 

*AS03-E 

*AS-04-S 

*AS-05-S 

AS-06-S 

AS-07-S 

AS4)8-S 

AS-09-S 

AS-10-S 

AS-11-S 

AS-12-S 

AS-13-S 

AS-14-S 

♦AS-15-S 

AS-18-S 

AS-19-S 

AS-20-S 

AS-31-S 

AS-41-S 

AS-42-S 

AS-43-S 

AS-44-S 

AS-45-S 

AS-46-S 

AS-47-S 

AS-48-S 

AS-49-S 

AS-50-S 

AS-51-S 

AS-54-S 


- 1.5M CRYOGENICALLY-COOLED IR 

TELESCOPE 

- DEEP SKY UV SURVEY TELESCOPE 

- 1M DIFFRACTION LIMITED UV OPTICAL 

TELESCOPE 

- VERY WIDE FIELD GALACTIC CAMERA 

- CALIBRATION OF ASTRONOMICAL FLUXES 

- COMET ARY STIMULATION 

- MULTIPURPOSE 0.5M TELESCOPE 

- SOM !R INTERFEROMETER 

- ADV. XUV TELESCOPE 

- POLARIMETRIC EXPERIMENTS 

- METEOROID SIMULATION 

- SOLAR VARIATION PHOTOMETER 

- 1.0M UNCOOLED IR TELESCOPE 

- 3.0M AMBIENT TEMP. IR TELESCOPE 

- 1.5 KM IR INTERFEROMETER 

- SELECTED AREA DEEP SKY SURVEY 

TELESCOPE 

- 2.5M CRYOGENICALLY COOLED IR 

TELESCOPE 

- COMBINED AS-01, -03,-04, -05-S 

- SCHWARTZSCHILD CAMERA 

- FAR UV ELECTRONOGRAPHIC SCHMIDT 

CAM ERA/SPECTROGRAPH 

- UCB BLACK BRANT PAYLOAD 

- XUV CONCENTRATOR/DETECTOR 

- PROPORTIONAL COUNTER ARRAY 

- WISCONSIN UV PHOTOMETRY EXPERIMENT 

- ATTACHED FAR IR SPECTROMETER 

- ARIES/SHUTTLE UV TELESCOPE 

- FIRST UCB BLACK BRANT PAYLOAD 

- COMBINED UV/XUV MEASUREMENTS 

(AS-04-S, 10-S) 

- COMBINED IR PAYLOAD (AS-01-S, 15-SJ 

- COMBINED UV PAYLOAD (AS-03-S, 04-S) 


AS-61-S - ATTACHED FAR I R PHOTOMETER 

(WIDE FOV) 

AS-62-S ~ COSMIC BACKGROUND ANISOTROPY 


AS-01-R 


LST REVISIT 


HIGH ENERGY ASTROPHYSICS 


*HE-n-S 

HE-12-S 

HE-13-S 

HE-14-S 

*HE-15-S 

HE-16-S 

HE-17-S 

HE-18-S 

HE-19-S 

HE-20-S 


X-RAY ANGULAR STRUCTURE 

HIGH INCLINATION COSMIC RAY SURVEY 

X-RAY/GAMMA RAY PALLET 

GAMMA RAY PALLET 

MAGNETIC SPECTROMETER 

HIGH ENERGY GAMMA-RAY SURVEY 

HIGH ENERGY COSMIC RAY STUDY 

GAMMA-RAY PHOTOMETRIC STUDIES 

LOW ENERGY X-RAY TELESCOPE 

HIGH RESOLUTION X-RAY TELESCOPE 


HE-03-R - EXTENDED X-RAY SURVEY REVISIT 

HE-11-R - LARGE HIGH ENERGY OBSERVATORY D 

REVISIT 


SOLAR PHYSICS 


*SO-O1-S - DEDICATED SOLAR SORTIE MISSION (DSSM) 

*SO-n-S - SOLAR FINE POINTING PAYLOAD 

SO-12-S - ATMSPACELAB 

ATMOSPHERIC AND SPACE PHYSICS 


*aP-06-S - ATMOSPHERIC, MAGNETOSPHERIC, AND 

PLASMAS IN SPACE (AMPS) 


EARTH OBSERVATIONS 


*EO-O1-S 

•^EO-05-S 

*EO-06-S 

EO-07-S 


2ERO-g CLOUD PHYSICS LABORATORY 
SHUTTLE IMAGING MICROWAVE SYS. (SIMS) 
SCANNING SPECTRORAD IOMETER 
ACTIVE OPTICAL SCATTEROMETER 


♦REQUIREMENTS DEFINED TO LEVEL B (30 PAYLOADS) 


Table 5. SPDA Sortie Payloads (Coat'd) 



* 


-<! 

1 

Ol 



EARTH AND OCEAN PHYSICS 


SPACE TECHNOLOGY 


*OP-02-S 

*OP-03-S 


♦OP-04-S 

*OP-05-S 

♦OP-06-S 


- MULTI FREQUENCY RADAR LAND IMAGERY 

- MULTI FREQUENCY DUAL POLARIZED 

MICROWAVE RADIOMETRY 

- MICROWAVE SCATTEROMETER 

- MULTISPECTRAL SCANNING IMAGERY 

- COMBINED LASER EXPERIMENT 


SPACE PROCESING APPLICATIONS 


*SP-01-S 

--- 

SP-02-S 

— 

SP-03-S 


SP-04-S 

— 

SP-05-S 

— 

SP-12-S 



SP-13-S 


♦SP-14-S 

— 

*SP-15-S 

— 

SP-16-S 

— 

SP-19-S 

— 

SP-21-S 


SP-22-S 

— 

SP-23-S 


SP-24-S 

— 

LIFE SCIENCES 

•LS-04-S 


*LS-09-S 

— 

♦LS-10-S 

— 


SPA NO. 1 - BIOLOGICAL (MANNED) 

SPA NO. 2 - FURNACE (MANNED) 

SPA NO. 3 - LEVITATION (MANNED) 

SPA NO. 4 - GEN. PURPOSE (MANNED) 
SPA NO. 5 - DEDICATED (MANNED) 
(B+F+L+G+C) 

SPA NO. 12 - AUTO. FURNACE 

SPA NO. 13 - AUTO. LEVIATION 

SPA NO. 14 - MANNED AND AUTOMATED 

SPA NO. 15 - AUTOMATED FURNACE/ 
LEVIATION 

SPA NO. 16 - BIOLOGICAL/GENERAL 
(MANNED) 

SPA NO. 19 - BIOLOGICAL AND 
AUTOMATED 

SPA NO. 21 - MINIMUM BIOLOGICAL 
SPA NO. 22 - MINIMUM FURNACE 
(MANNED) 

SPA NO. 23 - MINIMUM GENERAL 
SPA. NO. 24 - MINIMUM LEVIATION 
(MANNED) 


FREE FLYING TELEOPERATOR 

LIFE SCIENCES SHUTTLE LABORATORY 

LIFE SCIENCE CARRY-ON LABORATORIES 


ST-04-S 

ST-05-S 

ST-06-S 

ST-07-S 

*ST-08-S 


ST-09-S 
ST-21 -S 
ST-12-S 
ST-13-S 
*ST-21-S 
*ST-22-S 
*ST-23-S 


- WALL-LESS CHEMISTRY + MOLECULAR 

BEAM (FACIL. NO. 1) 

- SUPER FLU ID He + PARTICLE/DROP 

POSITIONING (FACIL. NO. 2) 

- FLUID PHYSICS + HEAT TRANSFER 

(FACIL. NO. 3) 

- NEUTRAL BEAM PHYSICS (FACIL. NO. 4) 

- INTEGRATED REAL TIME CONTAMINATION 

MONITOR 

- CONTROLLED CONTAMINATION RELEASE 

- LASER INFORMATION/DATA TRANSMISSION 

- ENTRY TECHNOLOGY 

- WAKE SHIELD INVESTIGATION 

- ATL P/L NO. 2 (MODULE + PALLET) 

- ATL P/L NO. 3 (MODULE + PALLET ) 

- ATL P/L NO. 5 (PALLET ONLY) 


COMMUNICATIONS AND NAVIGATION 


“CN-04-S 

*CN-05-S 

CN-06-S 

CN-07-S 

CN-08-S 

CN-11-S 

CN-12-S 

CN-13-S 


TERRESTRIAL SOURCES OF NOISE + 
INTERFERENCE 
LASER COMMUNICATION 
EXPERIMENTATION 
COMMUNICATION RELAY TESTS 
LARGE REFLECTOR DEPLOYMENT 
OPEN TRAVELING WAVE TUBE 
STARS & PADS EXPERIMENTATION 
INTERFEROMETRIC NAVIGATION & 
SURVEILLANCE TECHNIQUES 
SHUTTLE NAVIGATION VIA 

GEOSYNCHRONOUS SATELLITE 


♦REQUIREMENTS DEFINED TO LEVEL B (30 PAYLOADS) 


Table 6, Categories of Advanced Technology Requirements 


Category 

No. Category Name 

1 Collectors 

2 Sensors 

3 Generators 

4 Systems 

5 Special Devices 

6 Inertial/Electromechanical 

7 Life Sciences 

8 Contamination 

9 Structural & Spacecraft/ 

Mechanical 

10 Envlromnental Control 

11 Enviromnental Protection 

12 Cryogenic Control 

13 GN&C 

14 Propulsion 

15 Attitude Control/Measurement 

16 TT&C/Data 

17 Electrical Power 

18 Instrument Electronics 

19 Software 


No. of Items 
in Category 


28 

1 

5 

5 
1 
4 
4 

11 

2 

1 

2 

2 

2 

2 

2 

2 

3 

6 
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Item Sequence 
Cktegory 

Uontractor Assignment ( C~Coavalr{ GE-General Eleetrlci RI-Rockwelb 
DEFINITION OF TECHNOLOGY REQUIREMENT 

( 1. TECHNOLOGY REQUIREMENT (TITLE): PAGE 1 OF 

; Descriptive title 

j 2. TECHNOLOGY CATEGORY: Technology category used in study (see Table 1). 

i 3. OBJECTIVE/ADVANCEMENT REQUIRED; A brief statement of obleotive and 
■ advancement requued. 



NO. X-Y.Z 


4. CURRENT STATE OF ART; A brief statement of the current state-of-the-art that 
most nearly fits objective stated in Para, 3. 


HAS BEEN CARRIED TO LEVEL- 


3 . 


DESCRIPTION OF TECHNOLOGY 


(See Para, 15 for number)' 


A discussion of the required advancement containing a quantitative description 
of the critical parameters and comparison with the current state-of-the-art. 


I 


6 . 






ifSf’ 


V ■ ■ (NASA program 

development phase) 


P/L REQUIREMENTS BASED ON; Q PRE-A.D A.Q B.Q C/D 


RATKJNALE AND ANALYSIS; 


a) Summarizes the analyses of payload advanced technology requirements and 
gives the rationale for selection of the values of the critical parameters which 
drive the technology. 


b) Identifies the benefitting payloads by number and name if space permits or by 
general classification if the list is lengthy. 

c) Provides justification for the advancement by quantitatively describing, if 
possible, the payload enhancement in terms of improved mission, payload, 
or equipment performance, improved reliability, longer lifetime, etc. 

d) State the level of technological maturity required to make it acceptable for 
this intended use, (See Para. 15). Give a verbal description of what is to be 
done within the selected level. 


(See Para. 15 for number) ^ 
TO BE CARRIED TO LEVElN 


Figure 11* Instructions for "Definition of Technology Requirements" 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 

1 . TECHNOLOGY REQUIREMENT(TITLE): PAGE 2 OF 


7. TECHNOLOGY OPTIONS: 

Describes potential "spectrum" of teelmology and discusses how 
quantitative variation in the critical parameters affects the payload. 


8 . 


TECHNICAL PROBLEMS: 



Identify potential pi-oblems in advancing the state-of-the-art. 


9, potential ALTERNATIVES: 

Identify any altertmtives to the described technclogy. 


10. PLAhTNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Identifies, for reference purposes, on-going or planned technology programs which 
are closely related to the described requirements. Identifies with RTOP number, 
if a NASA program. 


Unperturbed technology advancement is the state-of-the-art at the need date if NASA 

expends no special effort in this area. (See para, 13 for need date) xnT>-i-.T 

' ^ expected UNPERTURBED LEVEL 




11. RELATED TECHNOLOGY REQUIREMENTS: 


(See Para, 15 for number) 


Describes requirements for other technologies which may be necessary for the 
success of the stated requirement. Describes the relationship. 



Figure il. Instructions for "Definition of Technology Requirement" (Cont'd. ) 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : . 


NO. 


PAGE 3 OF 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 85 


86 


87 


88 


89 


90 


91 


TECHNOLOGY 

1. Analysis /Des^n ^ 

2. Fabrication 

3. Test 

4. Documentation 

5. 


List of key steps and t 


me span in 'kvaterfeill" manner leading 


to achievement of desired technology. 


• TYPICAL (be specific as required) 


APPLICATION 

1. Design (Ph, C) 

2. Devl/Fab (Ph. D) 

3. Operations 


Show payload development schedule which drives technology 
need date. 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 

1 1 — 1 — i 1 ! i i — i f 1 1 1 i I 1 

Show need date - allows for flight hardware lead timi 

3 

— 

OTAL 

NUMBER OF LAUNCHES 

1 ' t 1 n 1 1 1 1 1 1 \ i 1 i 

Number of lauacheSj each j^eay usings technology. , 




14. REFERENCES: 


Lists data sources and references where further information may be obtained. 
Includes significant contributors during user/manufecturer review. 



15 . 



Definition of levels to be applied in paragraphs 4, 6 and 10. 


LEVEL OF STATE OF ART 

1 , BASIC PHENOMENA OBSERVED AND REPORTED. 

2, THEORY FORMULATED TO DESCRIBE PHENOMENA. 

3. THEORY TESTED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL. 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 

E.G., MATEIUAL, COMPONENT, ETC, 


6. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABORATORY. 

8. MODEL TESTED IN AIRCRAIT ENVIRONMENT. 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

8, NEW CAPAIRLITY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

9, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 

10. LIFETIME EXTENSION OF AN OPERATIONAL MODEL. 


Figure 11. Instructions for 'Definition of Technology Requirement" (Coat'd.) 
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Table 7. 

Item No. 

C-1.3 

BI-5.5/6.r' 

RI10.2 


RI-10.3 

RI-12,3/12,4 

RI-13.3 

GE-15. 2/15.3/15.4 
GE-I6.2/16.3 


GE-16.5 

GE-17.2/17,3 

GE-17.5 

C-18.3/18.4 


Accounting of Technology Item Sequence Numbers Not 
Appearing in Definition of Requirements 


Comments 

Combined with C-1.2 because of common requirement. 

Data system operating in plasraa- 

Advancement initially required was identified to be to reduce 
effects of boom mounted in stitu data system on the plasma. 

It was found to be within state of the art and dropped. 

Gravity Gradlometer - 
Environment Control - 

Initial requirement was based on a concept by JFL that 
required temp, control to 0.001 C. Hughes concept 
indicates temperature effect (low frequency effects) could be 
subtracted from the data. 

Reidentified as C-7.1, change of category. 

Combined with RI-12.2 because of common requirements. 

Reidentified as RI-2. 26, change of category. 

Combined with GE-15. 1, because of common requirements. 

Data display for monitor application - 

Advancement Initially required was identified to be increased 
display size and improved resolution. It was found to be 
adequately covered within the current technology and was 
dropped. 

Combined with GE-2, 6 because of closely related require- 
ments. 

Combined with GE-17,1 because of related requirements. 
Combined with GE-17, 4 because of related requirements. 
Combined vdth C-18.1 because of related requirements. 
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Table 8. List of Symbols Used in the Definition Forms 


C - Convair 

GE “ General Electric 

KI - Eoekwell International 

AS - Astronomy 

HE - High Energy Astrophysics 

So - Solar Physics 

AP - Atmospheric and Space Physics 

EO - Earth Observations 

OP - Earth and Ocean Physics 

Sp - Space Processing Applications 

LS - Life Sciences 

ST - Space Technology 

PL - Planetary 

CN “ Communications/Navigation 
LU - Lunar 


Table 9. Location of "Definition of Technology Requirement" by Category 
Category No . Category Name Page 


1 Collectors 7-13 

2 Sensors 7-55 

3 Generators 7-189 

4 Systems 7-195 

5 Special Devices 7-217 

6 Inertial/Electromechanical 7-241 

7 Life Sciences 7-247 

8 Contamination 7-265 

9 Structural & Spacecraft Mech. 7-293 

10 Environmental Control 7-341 

11 Environmental Protection 7-361 

12 Cryogenic Control 7-355 

13 GN&C 7-365 

14 Propulsion 7-3 75 

15 Attitude ControX^easurement 7-385 

16 TT&C/Data 7-393 

17 Electrical Power 7-401 

18 Instrument Electronics 7-409 

19 Software 7-423 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-l.l 


1 . TECHNOLOGY REQUIREMENT (TITLE) : PAGE 1 OF 3 

Sensitivity, spatial resolution, conversion efficiency, energy resolution. 

2 . TECHNOLOGY CATEGORY; Collector 

3 . OBJEC TIVE/ ADVANCEMENT REQTTTRETt- Sensitivity of 10 "^ photons/cm^/sao, act iv 

collector area Zvar to 8 m , angular resolution 0.1° in selected bands, T over 20 to 10^ M eV, 
conversion efficiency 50% or better, energy resolution 10 %. 

4. CURRENT STATE OF ART; Current state-of-axt 10 photons/cm^/sec. activscollee to] 

area 1 m^, angular resolution 1 ° in balloon flight, l/16m^ in space flight to date. ' 

has BEEN CARRIED TO LEVEL 7_ | 

5. ^ DESCRIPTION OF TECHNOLOGY — The large gamma ray survey Instrument will 

probably use detectors in spatial measurement compatible layers (laminates) to convert 
incident gamma ray energy in the range 20 to 10 ® MeV to positron-electron pairs. Subse- 
quent layers of detectors can use charged particle detectors to resolve lower energy com- 
ponents. Detectors that work in the pair production region have distinct advantages such as 
the fact that each photon transfers most of its energy to an electron-positron pair and the I 
electron-positron pair preserves the direction information of th photon fairly well. To ! 
date, the typical separation between the pairs is Mg (about 0 . 3 deg. at 100 MeV)J 

The actual angular resolution will be limited by the multiple scattering of the electron- ; 
positron pairs (1 deg. achieved to date). Rejection of charged particles flux is important | 

since number of charged particles during part of observation orbit may exceed the gamma ' 
ray flux up to 1000 times. P/L REQUIREMENTS BASED ON; [g| PRE-A,P A, □ B : 

6 . RATIONALE AND ANALYSIS: I 

a. Trades in effective area, sensitivliy/unlt area, energy resolution, angular sensitivity, i 
field of view, and degree of rejection of charged particles lead to a compromise. Com-i 
pononts involved include a surroundii^ (usually) plastic scintillator which provides anti- 
coincidence vetoes, a converter sandwich that produces sufficient radiation length to 
cause pair production. Intermediate sandwiches or spatial detectors for track location, 
and energy discriminators at the bottom to measure energy of incident photons (or com- 
ponents at lower energies). Discrimination data are recorded to identify charged par- 
particles, or neutral primaries as well as gamma rays where anti-coincidence methods 
fail. Auxiliary measurements of shower development, secondary containment, and re- 
sponse of anticoincidence guard counters enable estimates of what fraction of output Is 
due to freak events. 

b. Two payloads HE-16-S (1981), High Energy Gamma Ray Survey and HE-08-A, Large 
Hi^ Energy Observatory A (Gamma Ray), 1986, benefit from development of capability. 

c. The instrument will perform in sortie and automated missions to give a full sky survey 
with a sensitivily and resolution factor of 10 better than previously accomplished. 
(Final Report, High Energy Astrophysics Working Group Report, May 1973). 

d. Smaller gamma ray instruments (OSO III Gamma Ray Detector, Cornell University)^ 
photographic spark chamber telescope for balloon use, and the Goddard Digitized Spark : 
Chamber Gamma Ray Telescope Indicate current state-of-art ( 10 “® to 10 "*^ photons/cm/| 
sec). When 10~® photons /cm/sec sensitivity with 8 m^. effective area has been achieved 
(by 1981), ab.Qve t,echi. 0 logy requirement is satisified. Testing on a shuttle sortie flight 
is expected prior to longer term au tbiiiated flight. TO BE C ARRIED TO LEVEL 8 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


Lacrge Gamma Ray 

I. TECHNOLOGY REQUIREMENT(TITLE); PAGE 2 OF _3 

Sensitivity, spatial resolution, conversion efficteticv., energy resolution. 

7. TECHNOLOGY OPTIONS; Extended area (8 m^) versions of previous high energy gammi 

ray detectors previously used are possible. Option A uses a surrounding plastic anticoinci- 
dence scintillator, a Csl/plastic converter sandwich, a Cerenliov coimter section, and an 
energy Lliscriminator using Nal, tui^sten and plastic layers. Option B consists of a spark 
chamber surrounded by anticoincidence scintillators. Two spark chamber gaps are used 
below a top anticoincidence scintillator to classify the incoming primary which then passes 
to a one radiation lengtli converter (lead or equiv. ) tellowed by a plastic scintillator. Up to 
12 spark chamber gaps detect tlie pairs or secondaries when fired by a triggered pulse, A 
final plastic layer is used for coincldcnce-anticoincidence triggers. There is a trade be- 
tween high efficiency of conversion versus angular resolution. Option C uses thin nuclear 
emulsion or plastic stacks interspersed with spark chamber plates. 

8. TECHNICAL PROBLEMS; (1) Gamma ray detectors in the spectral region from 20 
MeV to 1000 MeV are subject to smearing of angular resolution by multiple Coulomb scat- 
tering (scattering angle approximately proportional to l/E). Efforts have been made to 
use fairly numerous thin conversion plates distributed over many gaps of a spark chamber 
or equivalent detector. Anticoincidence rejection/acceptance levels may result in over- 
loading or conversely in excessive dead time. Dimensional resolution and stability affect , 
angular measurements resolution in all cases of large detector arrays. (2) Energy resolu-’ 
tion and accuracy requires depth in scintillator materials, hence increased weight. 

(3) Actual angular resolution and energy resolution achieved will be a compromise vs 
allowable weight. 

9. POTENTIAL ALTERNATIVES: Track measuring devices consisting of layers of detec- 
tor material with resistive readout or in terms of differences in time to locate an event are 

1 

being considered in lieu of spark chambers with arrays of photomultipliers, image devices, 
photographic cameras. Spatial detection can be improved by use of a large number of thin 
plates; however, energy resolution can be improved by long hexagonal segments glued to- 
gether in the desired area array. Each hexagonal segment could have a hexagonal photo- 
multiplier. 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

a. RTOP W74-70(i-19 (188-46-57), Gamma Ray Astronomy, Albert G. Opp (202) 755-3665. 

b. RTOP W74-70650 (188-46-57), Gamma Ray Astronomy, C. R. Fichtel (301) 982-6281. 

c. RTOP W74-70651 (188-46-64), Astrophysical Investigations on the Space Shuttle, 

Albert G. Opp (202) 755-3665. 

d. RTOP W74-652 (188-64-64), Shuttle Definition Studies for High Energy, F. B. 

McDonald, EXPECTED UNPERTURBED LEVEL _2_ 

II. related TECHNOLOGY REQUIREMENTS: 

a. C-29, C-93 Protective shell/cover to enable holding of internal temperature to ± 2‘’K 
of a selected temperature between 283“K and 303“K, cleanliness to class 1000, press- 
urSzation to one atmosphere, minimum gamma ray attenuation (20 to 10® MeV) with 
minimum protective shell secondaries, Z < 20. 


PAGE 2 OF 


Sensitivii 


resolution. 





DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-1.1 


Large (ia3i35na Hay T 

1. TRCHNm.OGY RFomREMFNT fTITLE); Survey Instrument PAGE 3 OF 


3V. energy resolution 


12, TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 

TECHNOLOGY 

1. Options & Trade Anal. 

2. Prototype Des. & Fab. 

3. Test & Evaluation 


|75 76 77 78 79 80 81 821 83 84 85 86 87 88 89 90 91 


APPLICATION 

1. Design (Pb. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. Information Use 


13. USAGE SCHEDULE; 


TECHNOLOGY NEED DATI-: 
NUMBER OF LAUNCHES 


14. REFERENCES; 


G1 G1 


G2 G1 


a. Summarized NASA Payload Descriptions, Sortie Payloads, PD, NASA, 

July 1974, pages 106-107. 

b. Summarized NASA Payload Descriptions, pages 50,. 51. 

c. Payload Descriptions, Vol. I, Automated Payloads, Level B Data, July 1974. 

d. Final Report of the Space Shuttle Payload- Planning Working Groups, High Energy 
Astrophysics, NASA/GSFC, May 1973, pages 38 and A-19. 

e. RTOP Plan Summary, FY 1974, NASA, page 104. 

f. NASA SP-243, Introduction to Experimental Techniques of High Energy 
Astrophysics, H. Ogelman and J, R. Wayland, GSFC, 1970, pages 95-122. 

g. Conference, Bob Hartman and E» S. Saari at GSFC, 10 Sept. 1974. 

Legend 

Gl = Prototype Sortie Mission Instrument 
G2 = Automated (free flyer) Instrument 

15. LEVEL OF STATE OF ART s. component oi? CREADBOAnD tested in relevant 


1. BASIC PHENOMENA OBSERVED AND REPORTED. 

2. THEORY ^X>UMULATED TO DESCRIBE PHENOMENA. 

?. -niEORY TESTED BY PHYSICAL EXPEIUMENT 

OR MATHEMATICAL MODEL, 

4. PERTINENT FUNCTION OR CHARACTERISTIC DF.MONSTRATED, 
E.G., MATEIUAL. COMPONENT, ETC. 


5. COMPONENT OR BREAD BOARD TESTED IN RELEVANT 

environment in the laboratory* 

6. MODEL TESTED IN AIRCRAPT ENVIRONMENT* 

7. MODEL TESTED IN SPACE ENVIRONMENT, 

B< NEW CAPAHILITY DERIVED FROM A MUCH LESSER 
operational model. 

9* RELIABILITY UPGRADING OF AN OPERATIONAL MODEL, 
10. LlFETiaiE EXTENSION OF AN Ol'LRATIONAL MODEL, 


~L. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO.C-U2 
PAGE 1 OF 5 


1 . TPrHNOT.nov REOIITRF.MRNT (TTTT.E^; X-rav Telescope PAGE10F_5_ 

Developm ent of bettei’ sensitivity, spatial resolution and field of view. 

2 . TECHNOLOGY CATEGORY: rnlleetors I 

3. OBJECTIVE/ ADVANCEMENT RECjTiTRED: Improve sensitivity to enable detection o f 

X-rav sources to 10"^ Sco X-1, angular resolution to 0. 5 arcsec over a FOV of 512 arc- 
sec (with extension of FOV at 5 arcsoc resolution to 18,000 arc secs for a wldefield 
version telescope). 

4. CURRENT STATE OF ART: Antrular resolution to 2 , 5 arcsec over a 540 arc sec 

field has been achi e ved; field extension at alx)ut 5 arc sec resolution was possible out 

to FOV of 1800 arcsec. HAS BEEN CARRIED TO LEVEL _7^ 


5. DESC'Ull'TiON OE TECHNOLOGY - Techniques are needed to develop X-ray mirrors 
and structures enabling confocal nested mirrors to achieve an effective collector area of 
5000 cm^ with an angular resolution of 0.5 arcsec over a field of at least 512 arcsec in 
the 0. 03 to 4 keV energy range. Current concepts considered for extension to the larger 
telescope include a system with two sets of about 5 concentric mirrors nested around a 
common axis. The input set usually consists of cylindrical shells modified by grinding 
and polishing to a paraboloidal cross section. The paraboloidal set of mirrors passes 
the X-rays to a second set of cylindrical mirrors modified to a hyperboloidal cross sec- 
tion which focuses the X-rays onto an image plane. Pre\dous smaller mirrors have 
been made of fused silica and also Kanigan (nickel) on a metal substrate. (The Baez 
alternative technique uses crossed arrays of flat plates bent to hyperboloid and parabo- 
loid contours , but Baez configurations cannot readily achieve the desired resolution. ) | 

A three geometric element glancing incidence X-ray telescope (Patent No. 3, 821, 556 by 
Richard B. Hoover) option is available but requires much larger geometry for same 
sensitivity. P/L REQUIREMENTS BASED ON: [^PRE-A,Q A,Q B.Q C/D 

(>. KATK )NAl.K AND ANALYSIS: 

a. Effective area and mass of mirror segments used in the concentric configurations 
depend upon selection of materials and thickness of the surfaces (or shells) nec- 
essary to maintain the desired contour accuracy, preliminary trades betw'een 
glasses, fused silica, metal, and early composites indicate potential success 

of large X-ray telescope collector areas with limited weight. Further investiga- 
tion is recommended for mirrors of temperature insensitive laminates coated 
at the X-ray collecting surfaces with X-ray energy runge compatible materials 
polishable to very fine smoothness. A goal of 500 to 1000 kg per 1000 cm^ of 
effective collector area appears feasible. 

b. Present long term plans appear to indicate a progressive growth in collector area, reso- 
lution, and angular field of view beginning withHEAO-B (300 cm^) in 1978, benefiting a 
wide field HE-03-A (400 cm^) telescope in 1982, a narrow field HE-ll-A 1.2M(1000 
cm^) telescope in 1983, and finally, theHE-Ol-ALargeX-rayTelescope Facility inl986, 

c. The high resolution large collector area X-ray telescope capability is justifiable on this 
basis of improved imaging capability enabling detailed study of sources in the range 
10"4 Sco X-1 to 10"8 Sco X-1 (-10-15 ergs/cm2/sec). (Ref. pages 31, 32, Vol. 3, 
Final Report of Space Shuttle Payload Planning Group, May 1973), 

d. Smaller X-ray telescopes built from concentric mirror concepts have been tested and 
utilized for imaging but need for lighter weight for larger telescopes poses some prob- 
lem. The aerospace industry is currently developing light wei^t temperature insensi- 
tive materials which may be aonlicable in assembly of large X-ray telescopes. 
Technology satisfied when light weight prototype of >5000 cm3 effective area high res- 

Q glutton telescope is built and tested in space® ' to BE CARRIED TO LEVEL _8_ 

* T> A ^ ... III. ■■ — — — 


WOT Fium ’'■1’ 


DEFINITION OF TECiJNOLOGY IIEQUIKEMENT 


NO.C-1.2 


1, TECHNOLOGY REQUillEMENT(Trj'i.K); X-ray Telescope PAGE 2 OF ^ 

Sensltiv i tv. spatial resolution, and field of view. 


7. TJ'ICIINOLOGY OPTIONS: Choice of an energy range and a compatible material fixes 
■fhe X-ray focal ratio. For most efficient X-ray collector optics, one should optimize the 
collecting area by trades between the surface material high energy limit and the maximum 
attainable area. The geometric area. A, of an X-ray telescope is« /r»\2/T \ 


• {*){« 


where L = length of each X-ray mirror set, D = concentric mirror diameter , and F = focal 
length. The effective area can be increased by nesting additional surfaces, but all collector 
surfaces need to be kept confocal. Besides choice of material, diameter, number of mirror£ 
mirror thickness, and focal length, the shuttle bay dimensions needed to be considered. 


(See pages 4 and 5 for more description. ) 


8. TECHNICAL PROBLEMS: The combined performance of the mirror segments in i 
collecting and focusing X-rays in compliance with ideal equations or telescope configuration | 
is affected by dimensional stability, adjustability of the elements, as well as their 
relative alignment. For larger telescopes, there is difficulty in obtaining thin materials [ 
witli good X-ray reflection characteristics that are also temperature Insensitive. Conse- | 
quently, thermal control to tight tolerances such as 273 ± may be required. i 


9. PC)TEMTL-\L ALTEUNATlv’ES: There appear to be no better alternates. 

a. Large area proportional counter arrays with accurate time difference analysis and 
readout may prcduee signals which, with considerable data processing, might reach 
sensitivities and angular resolution of a grazing incidence telescope. 

b. Multilayer spatial detectors of large area. (High angular resolution is unlikely. ) 

c. Proportional coimters with long modulation collimators and mechanical scannirg. 
(Hcwe'.or, geometry for high resolution is prohibitively large.) 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENTi 

a. KTOP: W74-70631, X-ray Astronomy, N. G. Roman, 

b. HEAO-B 0.815 m X-ray telescope, R. Giacoonl, ASE. 

c. Additional X-ray telescopes gradually improved in collector area, sensitivity, 

angular resolution, and stability need to be funded as necessary technology develop- 
ment steps to enable attainment of techniques, materials and structures for Large 
X-ray Telescope Facility. EXPECTED IN PERTURBED LEVEL _7_ 


11. RELATED technology IIEQLTREMENTS; According to R. Giacconl, stabilized 
images with X-ray optics and sensors can be obtained to desired tolerances if adequate UV 
aspect optics, guide star trackers, and a field monitor camera are utilized. Besi.ies 
providii^ guide star tracker error signals for ijointing and stabilizing the X-ray telescope, 
corrective high frequency error signals can be applied to an X-ray converter /intenslfier to 
minimize high frequency jitter components in the output image (or to correct the image 
during ground data processing, since any modern X-ray imaging device provides accurate 
times of arrival of individual photons). 
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Dr-]FINITION OF TKCJiNOLOOY uLQUIREMENT 

NO.c-1.2 

] T(''f’i}MOT.Oc;y HKOUIHEMENT /TITLE): X-rav.Telescope 

PAGE 3 OF 

Sensitivitv. angular resolution, field of view 



SCHEDULE ITEM 

75 1 

7G 

77 

78 

70 

Sf.i 

HI 

82 

83 

84 

85 j 86 

37 


90 

91 



TECHNOLOGY 

1. Ops. & Parametric Anal. 

2 . Exp. M i r ro r D es ign & Fab. 

3. Test and Evaluation 




jT2 

T1 


3 


■ 

T3 

Whim 













Application 

1. Design (Phase C) 





T 

h2 

2 


rs 
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1 





T3 






T1 

(5) 


2. Development/Fabrica- 
tion (Phase D) 







T2 

i.H 

• 


I 



T3 

• 



’2 


3. Oporatioii;'^ 




! 

{ 


1 

T 




w* 1 

*71 1 




L“ 

1 


T 

13, USAGE SCHEDULE: 

1 TECHNOLOGY NEED DATE 

T 

r 



T1 

T2 



T3 










Total 

NUMBER OF LAUNCHES 

_j — 







T1 

,T2 

T2 

T2 

TT 

T1 

T3 


T1 


T1 

T1 

T2 

11 


12, TECHNOLOGY HEQUTHEMEMTS SCiiEOULE; 

CALENDAR YEAR 


I'i. REFERENCES; 


a. Final Report of the Space Shuttle Payload Planning Working Groups, NASA/GSFC, 
May 1973, pages A-1, -2, A-4. 

b. Summarized r.'SA Payload Descriptions, Sortie Payloads, PD, NASA,' July 1974, 
pages 112, 113, 114. 

c. Payload Descriptions, Vol. I, Automated Payloads, Level B Data, NASA, July 1974, 
HE-03-A, HE-ll-A, HE-Ol-A; pages 2-31 thru 2-56, 2-131 thru 2-158, and 2-1 thru 
2-28. 

d. U.S, Patent 3,821,556, ThreeMirror Glancing Incidence System for X-ray Telescope, 
Richard B. Hoover, Huntsville, Ala. 

LEGEND 

• Sortie operations 

Automated operations 


(Tl)=HE-03-A, 0.75 m X-ray Telescope (82-A), (85, 86, 88, 90, 91 - S). 
(T2)= HE-ll-A, 1.2 m X-ray Telescope (82, 84 - S), (83, 91 - A). 
(T3)=HE-01-A, Large X-ray Telescope Facility (1986). 

S = Sortie 


A = Automated (free flyer) 

15. LE VEL OF STATE OF ART 

I* BASIC PHENOMENA OBSERV^XD AND TIEPORTED. 

2. THEORY FORMULATED TO DESCRIBE PHENOMENA. 

3. THEORY TESTED BY PHYSICAL EXPERIMENT 

OK MATHEMATICAL .MODEL. 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED. 

E.G., MATERIAL, COMPONENT, ETC. 


6. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORAT'ORY. 

6, MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7, MODEL TESTED IN SPACE ENVIRONMENT. 

8* NEW CAPAlULrn* DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

9. RELIARIUTY UPGRADING OF AN OPERATIONAL MODE I.. 

10. lifetime extension of an OPERATION AL MOD^. 


I 
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COLLECTOR 
X-RAY T 


1973 1973 

ATM HEAO-B 




2.92m 
(133 kg) 

i 

4.7m 

O.SSm 


(1,000 kg) 



0.82 m 


MISSION REQUIREMENTS 


• MEASURE X-RAY SOURCE 
STRUCTURE TO GREATER 
ANGULAR RESOLUTIONS 
& DISTANCE 


1986 COLLECTOR REQUIRED CAPABILITY 



• 0.5 SEC ANGULAR RESOLUTION 
(SOURCE brightness 10-8 SCO X-1) 

• ENERGY RANGE 0.1 TO 4.3 keV 
(WAVELENGTH 12.4 TO 0.31 nm) 




TECHNOLOGY NEEDS 
X-RA.Y TELESCOPE 


REQUIRED CAPABILITY 


CATEGORY 

1983 

1986 ‘ 

I. 




WAVELENGTH Inm) 

12.4-0.31 

12.4-0.31 

ANGULAR RESOLUTION (SEC) 

0.5 

0.5 

EFFECTIVE COLLECTOR AREA 

500 

5,000 

(av\2) 



SENSITIVITY, SCOX-1 

10-7 

10'^ 

MIRROR SLOPE ERROR (ARC SEC) 

0.1 

0.1 

DIAMETER (m) 

1.2 

3 










f 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. C-1.4 

I i. TECHNOI.OGY REQUIREMENT (TTTT.E\r Optical Telescopes PAGE 1 OF 8 

I Mirror figur e accuracy: efficiency in far UV; stray light control 

2. TECHNOLOGY CATEGORY: Collectors 

j ’ ' • 

I 3. OHJECTIVE/ ADVANCEMENT REQUIRED: Development of optical telescope figure 
accuracy to 1/50X * for 1 to 3m primary and 1/70A * for secondary to achieve <0. 05 A 
total system wavefront error and <1% scattering from 90 to 5000 nm. 

' 1. CURRENT STATE OF ART: A 1.8m mirror has been configured to 1/62 A rms: 

; telescope mirror surfaces up to Im dia. have been polished to a smoothness of 2 nm 
1 peak to valley yielding less than 3% scatter at 120nm (UV) but with l/20\ rms figure 
i error. HAS BEEN CARRIED TO LEW! 7 

* 5. DESCRIPTION OF TECHNOLOGY 

Althou^ mirrors have been configured to 1/62 A (1.8m) at Itek and 1/lOX (3, 8m) at 
632.8 nm at AURA in the laboratory for ground telescope use, the largest mirror 
operable at UV wavelengths in space was 0.81m. Mirror surface contour is dependent 
upon choice of material, thermal coefficient of expansion, the combination of effects of 
shaping, grinding, polishing, and coating processes, as well as figure sensing (inter- 
ferometer) capabilities and th j environment maintained during manufacture, assembly, 
test, launch, and operation. For the telescope mirror, compensation for errors in the ' 
primary by pre^A-inding calculations or by match figuring the secondary (Ritchey Chretien 
conf.) helps, but shop, laboratory, and assembly test equipment for future telescopes 

i need to be designed and improved to enable total system measurements as well as com- 
j ponent measurements. 

P/L REQUIREMENTS BASED ON: Q PRE-A,n A, 13 B,D C/D 

6. RATIONALE AND ANALYSIS: 

a. The manufacture of mirrors to date has been limited by the ability to measure sur- 
faces during the course of manufacture as well as by ability to maintain an optimum 
’’finishing" environment. Stable metering structures are needed during final matching 
of Ritchey Chretien mirrors as well as during observations in space. A key item in the 
process is a mirror scanning interferometer to periodically measure mirror surface 
contours to at least 1/100\ with automatic reduction of system and surface wavefront 
contour plots. Techniques are needed to s^arate contour and surface errors 

as well as alignment and focus errors in matching Ritchey Chretien type mirrors. 

b. Although AS-Ol-A, Large Space Telescope, benefits mostly from the improvement 
in optical telescope technology, other payloads such as AS-14-A, Im UV-Optical 
Telescope; AS-04-S, Im Diffraction Limited UV-Opti.cal Telescope; AS-31-S, Combined 
AS-01, -03, -04, -D5-S; and AS-51-S, Combined IR Payload (AS-01, -15-S) will also 
benefit firom better contours and super polishing. 

c. The better contours aiid super finishes will improve far UV (200 to 90 nm) reflection 
efficiency, angular resolution, and minimize light scatter (diffiise reflections from mir- 
ror surjEaces). Her ce, full angular resolution as well as sensitivity of the telescope may 
be achieved. The larger telescopes may approach the goal of sensing magnitude 28 stars 

TO BE CARRIED TO LEVEL 

♦at 632.8 nm 

PRECEDING PAGE BLANE NOT FILMED 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLE): Optical Telescopes PAGE 2 OF r 

" lieht control 


6. RATIONALE AND ANALYSIS: (Cont’d) 

in an esjposnre time of <10 hours assuming that best sensitivity sensors are used. 

d. A 0, 813m telescope, OAO-C, is currently in orbit but the wavefront error is 
larger than the technology goal. 

When a total system wavefront error of <1/20A and less tlian 1 % li^t scatter in 90 
to 5000 nm spectral range has been achieved with a large telescope in an environment 
equivalent to that of an 1ST in orbit, this technology goal will have been met. Final test 
will be accomplished in space under gravity release conditions by means of special 1ST 
on board built in test equipment. 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-1.4 


TECHNOLOGY REQUIREMENT^TITLEL- Optical Telescopes 


PAGE 3 OF 8 




7. TECHNOLOGY OPTIONS: The total system allowable wavefront error is a compro- I 
raise between absolute focus achievable and optical system quality. Optical system 
quality in the extreme case of a 3 meter telescope is degraded from ideal by manufactur- 
ing error contributions (0.026X), alignment error (0.009\), design error (O.OOIA), mir- 
ror mount distortion effects (0. 01\), focus maintenance (0. 025X), material variation 
(0.015A), and thennal distortions (0.026X). An operation effective resolution is further 
degraded by image motions with about 0.0025 arc secs from guide signal errors, 0.0025 
arc secs from metering and mount structures. Attitude control disturbances (0, 0025 arc 
sec) and vehicle vibration (0. 0025 arc sec) also were considered in the trades of param- 
eters affecting resultant resolution and wavefront errors. Most current telescope con- 
cepts use secondaries with an obscuration of 0.30. Up to 0. 50 has been utilized (such as 
in lUE where auxiliary baffles caused the obscuration problem). Thinner mirrors offer 
possibilities for continual mirror figure adjustments. Ultimately fully servoed active 
control telescopes may be feasible. 


8 . TEC HNIC A L PROS LEMS: 

a. UV Efficiency. The major problem for 3m LST optics involves degradation of UV 
efficiency and low reflection losses. Besides low wavefront errors (1/7 to 1/10\ between 
90 and 150 nm), super finishes down to Inm are desired. Even with these, interference 
phenomena of coatings in the 90 to 120 nm regions will be difficult to overcome. 

, b. Mirror mounting. 

c. Automated feed teclmiques may be needed in coating processes to enable super I 

finishes . i 

d. Dust particles need to be avoided in final finishing. 

e. Stray light scatter. 


9. POTENTIAL ALTERNATIVES; If mirror weight and dimensional stability problems 
occur due to potential shuttle load or environmental limits, light weight mirrors made of 
ultrastable laminates surfaced with smoothable reflecting materials may be necessary. 
However, insufficient research e>q)erience exists to apply these techniques to large 
telescopes at this time. An effort is needed to obtain interference-free coatings for mir- 
rors in 90 to 150 nm region. Mirror coatings may be protected by an easily removed 
layer of material to avoid dust particles and contamination damage. Coatings applied in 
space may be necessary to avoid some contamination problem. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

a. W-74-70265 (502-21-32), Optical Contamination of ^acecraft, Hoyt Weathers, MSFC. 

b. W-74-70658 (188-78-56), Design, Analysis and Evaluation of LST Instrument 
Systems, GSFC. 

c. W-74-70661 (188-78-57), Large Space Telescope Advanced Technology, G. Emanuel, 
MSFC. 

d. W-74-70662 (188-78-58), Large Space Telescope phase B Studies, J. Downey, MSFC. 

EXPECTED UNPERTURBED LEVEL 7 


11. RELATED TECHNOLOGY REQUIREMENTS: Besides improved figure accuracy and 
far UV efficiency, related developments are desired in guide star tracking, instrument 
mounting, and materials selection. To enable better weight control as well as 



DEFINITION OF TECHNOLOGY REQUIREMENT NO, 

1. TECHNOLOGY REQUIREMENT (TITLE); Optical Telescopes PAGE 4 OF ^ 
Mirror figure accuracy; efficiency in far UV; stray light control 


11. RELATED TECHNOLOGY REQUIREMENTS: (Confd) 

performance; greater development and use of light wei^t, stiff, vibration absorbent, 
temperature insensitive, metering mount, and instrument structures may be necessary. 
Contamination measurement and control continues to be a major problem. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) ; . 




12. TECHNOLOGY REQUIREMENTS SCHEDULE; 
CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 
1. Concepts Analysis 



2. Techniques Developme 

3. Test & Evaluation 


APPLICATION 

1. Design ^Pliase C) 

2. Devl/Fab (Phase D) 

3 . Operations: 




. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 
NUMBER OF LAUNCHES 


14. REFERENCES: 

a. Final Report of Space Shuttle payload Planning Worldng Groups, Vol. I, Astronomy, 
pages 4-6. 

b. Large Space Telescope Phase A Final Report, TMX-64716, NASA/MSFC, 

December 15, 1972. 

, (References continued on Page 6.) 


= Sortie Operations 
= Automated Operations 

= Optical Telescope Assembly, AS-Ol-A, I^rge ^ace Telescope 
= .Integrated Telescc^e, AS-Ol-A 
= AS-14-A, Im UV -Optical Telescope 
= AS-04-S, Im Diffraction Limited UV-Optical Telescope 
= AS-31-S, Combined AS-01, -03, -04, -05-S 
= AS-51-S, Combined IR Payload (AS-01, -15-S) 

- Does not include up to 9 service missions for AS-Ol-A. 

LEVEL OF STATE OF ART b. component or breaubc 


BASIC PHENOMENA OBSERVED AND REPORTED. 
niEORV EX5UMULATED TO DESCRIBE PHENOMENA. 

THEORY TESl-ED BY PHYSICAL EXPERIMENT 
OR MATHEMATICAL MODEL, 

pertinent ruNCTION on CHARACTEIUSTtC DEMONSTRATED, 
E*G,, MATERIAL, COMPONENT, ETC. 


B. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORAl-ORY. 

6. MODEL TESTED IN A1RCRA£-T ENVIRONMENT* 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

8* NE\V CAPAIHLITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10, LIFETLME EXTENSION OF AN OPERATIONAL MODEL, 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, 

1. TTi^r.HTvrnT.onv ~rf.qtttt?.ement (TTTT.E); optical Telescopes PAGE 6 OF 

Mirror figure accuracy; efficiency in far UV; stray light control 


c. Large Space Telescope, Optical Telescope Assembly/Scientiflc Instruments, 
Phase B Definition Study Monthly Progress Reports, S^t. 1973 to Aug. 1974, 

d. Summarized NASA Payload Descriptions, Level A Data, PD, NASA, July 1974, 
pages 22, 23. 

c. Preliminary Payload Descriptions, Vol. I, Level B Data, NASA, July 1974, 
pajes 1-1 thru 1-23. 

d. Comments, Garvin Emanuel , 6 Jan. 1975, 
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COLLECTOR REQUIREMENTS 
Telescope, UV-IR 



SPECIFIC MISSION REQUIREMENTS REQUIRED COLLECTOR CAPABILITY 


, IMPROVE FAINT OBJECT DETECTION 


TOTAL SYSTEM WAVEFRONT ERROR 

& SPECTRAL MEASUREMENTS 


< X/20 

OBTAIN DIFFRACTION-LIMITED IMAGING 


SPECTRAL RANGE 



90 TO 5, OOO NANOMETERS 



UP TO 7.1 COLLECTOR AREA (3m dia.) 
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TECHNOLOGY NEEDS 
Telescope, UV-iR 


CATEGORY 

REQUIRED CAPABILITY 

STATE OF ART 

MIRROR FIGURE ERRORS 

PRIMARY 

SECONDARY 

<1/50 A, I TO 3m DIA. 
<1/70 A, «lm DIA. 

AT 632 .8 nm 

- - 1 

1/20 A (1 m DIAMETER) 
1/20 A (1 m DIAMETERI 

(Better than 1/20 with 
smaller secondaries) 

SPECTRAL RESPONSE 

90 TO 5,000 nm ^ 

CERTAIN RANGES ONLY 

IMAGE MOTION 

^0.005 ARC-SEC 

0.1 ARC -SEC 

MIRROR SURFACE 
SCATTERED LI GHT 

<1% 

3 to 10% 
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DEFINITION OF TECHNOLOGY REQUIREMENT j^O, C-1.4 
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DEFINITION OF TECHNOLOGY REQUIREMENT ^^0, C-1. 5 

I i. TKCHNOLUGY REQUIREMENT (TTTT.-E\: Infrared Telescopes; PAGE 1 OF 7 

Sensit ivity int provement; minimization of local flux 

I 2. TECHNOLOGY CATEGORY: Collectors 

j :L objective /advancement required- Improve far infrared sensitivity by redu c- 
■ ing the local IR flux to <10^ photons/cmVsec. Desired telescope spectral bandwidth 
; 2 to 3000 um (for family of IR telescopes). Increase cryogenic efficiency through mini - 

mization of heat transfer (^250 joujes/hr) from the ambient environment to the cryogen . 
-L CUHHENT STATE OF ART: a. ATRO Q.914m TR telescope local flux < 5 x 
WHz"^/ 2 delivered to detector area ~1 cm^. b. F. Low 0.15m IR telescope cooled by 

LHe/LNe to a b out 4. 2*^K. Estimated local flux "■'10 Cooled military 

telescopes have been flown, possibly with advanced technology. 

HAS BEEN CARRIED TO LEVEL 7 

5. DESCRIPTION OF TECHNOLOGY The instruments of concern are to be used pri- 
marily for observations of faint cool objects in the far infrared regions beyond the solar 
system. Even when placed outside the influence of the earth's atmosphere, IR detectors 
in such a telescope receive more radiation from the instrument itself than from the 
astronomical objects they seek to observe. Fluctuations in local radiation set a limit in 
the sensitivity achievable by subtraction methods. Since the present application cannot 
tolerate spectral band and/or narrow FOV limitations , the background radiation itself 
must be minimized. The desired result can be achieved by artificial coolir^, the only 
limiting factor being the inherent detector sensitivity. Therefore, the operating instru- 
ment temperature must be lowered sufficiently to reduce the local flux due to background 
noise below the equivalent noise produced by a cooled detector. 

One of the telescopes required will be capable of observations over a 5 - 1000 jum spec- 
tral range, but is primarily optimized for a somewhat narrower region (e.g. , 10-50 pm 
for the 1. 5m instrument of the AS-Ol-S payloadL Detectors having a noise-equivalent 
power (NEP) of lO"^^ WHz“^/^ In the 10-30 pm region with decreased sensitivity at 
longer wavelengths, are currently available. Assuming a 0. 05 emissivity, a telescope 
would have to be cooled to below 40^^ K to take full advantage of this NEP in the 10-50 pm 
band. NEP's approaching 10“^® WHz“-I-/2 have now been reported and no doubt will 
be available in the 1980' s. Proper use of these detdces can be made possible by a cryo- 
genic system capable of maintaining the telescopes at less than 20° K and the detectors 
at the cryogen temperature > 1. 5°K, thus reducing local flux to ~10^ photons/sec. A 
small telescope cooled by liquid helium (4. 2° K) and liquid neon has been flown in high 
altitude airplanes. See pages 6 and 7 for additional description. 

Possibly the military have flown telescopes with advanced technology. 

P/L REQUIREMENTS BASED ON; FRE-A, {J A, QB, QC/D 

6. RATIONALE AND ANALYSIS: 

(a) To accomplish their purpose the payload IR instruments require sufficiently high 
sensitivity to give them the capability to perform the proposed observations and 
measurements in various bands within the 2 to 3000 jum range. The greatest 
sensitivity can be achieved by reducing background noise below the detector noise 
level. The solution is to provide a cryogenic system sufficient to lower the tem- 
perature of both the detectors and the collector to malte tliem compatible with 
detector capability. CARRIED TO LEVEL 8 


DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. -C-1.5 


1 . TECHNOLOGY REQUIREMENT (TITLE): _ Infrared Telescopes; PAGE 2 OF JL 
Sensitivity improvement; minimization of local flux 

6. RATIONALE AND ANALYSIS: (Cont'd) 

(b) Most IR astronomy payloads can benefit from a minimization of the local IR flux. 
Tlu’ee Sortie and two Automated payloads are identified for the period ending in 1991. 

(c) The reduction or suppression of the background thermal noise can be translated 
directly into an enhanced ability to penetrate the fe.r infrared regions to detect and 
locate very cool IR sources and to perform spectroscopy and photometry of faint 
or extended sources, to the limiting capabilities of the sensors. 

4 2 

(d) Collector areas of 10 cm and larger with local interfering signals reduced below 
noise of best available detectors (10"^® WHz “V2 for A. >30 fitn and 10“^*^ WHz“^/^ 
for A <3&^m). Even a 10"^® WHz“V2 virould represent a sigiificant advance. 

Final test of a cryogenically cooled IR telescope for astronomical use in space will 
be accomplished on a Shuttle Sortie flight. 

Initial test would be performed in a good cooled vacuum chamber. 




DEFINITION OF TECHNOLOGY REQUIREMENT NO. C-1.5 


I . TECHNOLOGY REQUIREMENT(TITLE) t Infrared TaTfisnnn PH: PAGE 3 OF 

Sensitivity improvement; minimization of local flux 

7. TECHNOLOGY OPTIONS: 

A reduction in local background radiation may be accomplished by woridng either in a 
narrow spectral band and/or in a narrow field of view for a fixed size IR telescope. 

These options would defeat the purpose and the objectives of the payloads by precluding 
Fourier spectroscopy, broad-band photometry of extended sources, observations of 
faint sources, etc. Current trends indicate that the problem may be alleviated by increas- 
ing effective collector area such as in payloads AS-20-S, AS-15-S. However, an optimum 
compromise in collector area, telescope cooling, detector cooling, detector array area 
and detector sensiti’vlty is ejipected to enable implementation of ER telescopes compatible 
with the investigator needs, shuttle accommodation capability, and the available budget 
for each time period. 

8. TECHNICAL PROBLEMS: 

a , A very cold IR telescope is susceptible to contamination in space resulting from shuttle 
outgassing, water vapor release, migration of sublimated materials, etc. In addition 
each particle floating in the near field of view of the telescope tends to act lilce a bri^t 
IR source tending to degrade desired astronomical source observations. 

b. Since the IR telescope needs to be filled with cryogens some time before launch, the 
DeWar should be effective at the surface of earth as well as in space. If too much heat 
from the outside lealcs in, more cryogen is required. Consequently, weights tend to 

exceed desired values due to an extremelv heaw Dewar or large auantitv of crvocen, 

. 9. POTENTIAL ALTERNATIVES; 

a. The improved sensitivity may be obtained by increase in collector area (such as 2.5m 
dia. in AS-20-S, 3m in AS-15-S) with the output coupled to cryogenically cooled instru- 
ments (detectors) to eliminate most of the local flux around the detectors. 

b. Discrimination against local flux noise may be possible if heterodyne type detectors 
(but cryogenic) can be used to limit effective bandwidth while measuring selected IR 
spectral lines. 

c. It is recommended that further research be accomplished in finding temperature 
insensitive light weight materials such as beryllium and graphite epoxies suitable 
for IR telescope optics, metering structure, and Dewars, compatible with cryogens 
ranging fromLNg to superfluid helium. 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENTS. 

■ a. RTOP 356-41-01, Development of Shuttle Infrared Telescope Facility, ARC, 
p. Chapman/J. V. Foster (415) 965-5065. 

, b. ^74-70626 (188-41-55) Infrared Astronomy, N. W. Boggess, (202) 755-3688, Hqs. 

c. W74-70628 (188-41-55) Infrared Astronomy, Glen Goodwin, (415) 965-5065, ARC. 

’ d, W74-70655 (188-78-51) Low Gravity Superfluid Helium Advanced Teclmology 
Development, E. A. Potter, (205) 453-3432, MSFC. 

e. Contract, Hughes Aircraft Company, awarded 1974, 

f. Program Code 352, Airborne Research, R. Cameron, ABC. 

EXPECTED UNPERTURBED LEVEL 

II. RELATED TECHNOLOGY REQUIREMENTS: 

Areas in which greater effectiveness as well as wei^t savings can occur in the process of 
minimizing IR local flux are: (a) absorption, reflectivity, and emissivity of mirror, baffle, 
and telescope structure surfaces visible to super cooled detector/amplifier assemblies. 



DEFINITION OF TECHNOLOGY REQUIEEMENT 


NO. Cz:3r.g. 

1. TECHNOLOGY REQUIREMENT (TITLE) ; Infrared Telescopes; PAGE 4 OF ^ 
Senaitivitv improvement; minimization of local flux 


11. RELATED TECHNOLOGY REQUIREMENTS: (Cont'd) 

(b) thermal control necessary to hold IR telescope and optics temperatures constant 
at desired values, (c) selection of effective cryogens for telescope thermal shields, 

(d) large aperture Dewars, contamination protection enabling maintenance of reflec- 
tion and emissivity characteristics desired, alignment and adjustment of si^ercooled 
telescope optical elements. 

NASA/ARC already has Phase B equivalent studies underway for system predesign, 
critical components for AS-Ol-S and AS-ll-A. At present no equivalent effort is known 
for AS-15-S and AS-07-A. AS-20-S is an extension on up-scaling of AS-Ol-S but with 
lessons learned applied. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

1 . TEC HNOLOGY REQUIREM ENT (TITLE) : Infrared Telescopes; 


NO. C-1.5 
PAGE 5 OF 7 


12 . TECHNOLOGY REQUIREMENTS SCHEDULE : 

CALENDAR YEAR 

SCHEDULE ITEM 75 76 77 78 79 80 81 82 83 84 85 86 87 88 39 90 91 


TECHNOLOGY 

1. Conc^ts & Parametric 3'^ 
Studies 

2 . Exper. Hardware Dev. J;-*- 

3. Test & Evaluation — 

APPLICATION 

1. Design (Phase C) 

2. Development/ Fabrication 
(Phase D) 

3. Sortie Operations 


4. Automated Operations 


'3 X XX 


oo 

OOj 

o 


0 

0 

0 1 
* : 

o 

* 

o 

X X 

X 

X 

X 

X 

X 

X 

X 



i:5, USAGE SCHEDULE: 

TECHNOLOGY NEED DAT E 
NUMBER OF LAUNCHES 
14. REFERENCES: 


2 4 5 3 6 6 


a. Summarized NASA Payload Descriptions, Sortie Payloads, PD, NASA, July 1974, 
pp. 30, 62, 64, 78, 86. 

b. Summarized NASA Payload Descriptions , Automated Payloads, PD, NASA, July 1974, 

pp. 26, 32. 

c. Final Report of the S|pace Shuttle Payload Planning Working Groups, Vol. I , NASA/ 
GSFC, May 1973, pp. 6 tliru 13. 

d. Reference Earth Orbital Research and Applications, Vol. n, NASA, January 1971, 
Section 6. 

e. Instrumentation in Astronomy - II, Proceedings of the SPIE Meeting, March 1974. 
Legend ; 

Tl ~ AS-Ol-S, 1 to 1, 5m Crycgenically Cooled ER Telescope 
T2 - AS-20-S, 2 to 2. 5m Cryogenically Cooled IR Telescope 
T3 - AS-15-S, 3m Ambient Temperature Telescope (Alternate) 

T4 - Automated IR Telescope Missions (AS-ll-A) 

T5 - AS-07-A , 3m Ambient Temperature IR Telescope 

’ 57 COMPONFKT OR BHEAHEOARD TESTED IN RELEVANT 

15. LEVEL OF STATE OF ART environment in the laboratory. 

1, BASIC PHENOMENA OBSERVt:D AND REPORTED. 0, MODEL TESTED LV AIRCRAtT ENVIRONMENT. 

2. THEORY FORMULATED TO DESCIUBK PHENOMENA. 7, MODEL TESTED IN SPACE ENVIRONMENT. 

3* THEORY TESTED BY PHYSICAL EXPERIMENT 8. NEW CAPARIUTV DERIVED FROM A MUCH LESSER 

OR MATHEMATICAL MODEL. OPERATIONAL MODEL. 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
E.C., MATERIAL, COMPONENT, ETC. 10. LIFETIME EXTENSION OF AN OPERATIONAL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 




TECHNOLOGY NEEDS - REPRESENTATIVE CRYO COOLED 

1.5m IR TELESCOPE 


CATEGORY 

REQUIRED 

CAPABILITY 

STATE OF ART 

SPECTRAL RANGE ( u m) 

5 TO 1, 000 

1 TO 500 

LOCAL IR FLUX (INTERFERENCE) (WHz"^'^l 

< 10‘^^ 

5 X lO'^'* 

TELESCOPE INTERNAL TEMP (K) 

20 

4. 2 to 77 

EFFECTIVE COLLECTOR AREA (m^) 

1.8 

0.64 

MIRROR COLD FIGURE ERROR ATS^im 

<X/20 

<X/20 

MINIMUM DEWAR HOLD TIME (DAYS) 

j 

> 7 

EXTENSION 
TO 30 & 90 

0.5 

MAX INTERNAL POWER DISSIPATION (W) 

1 

1 to 500 

INTERNAL ATMOSPHERE 

VACUUM, OR 
GHe 

Vacuum, Air or 
GN2 

INTERNAL CLEANLINESS LEVEL 

100 

200 to 10, 000 


o 

O HH 

P P 
JZ3 p 

S S 

a 


DEFINITION OF TECHNOLOGY REQUIREMENT 







DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-L6 

1 . TECHNOLOGY REQUIREMENT (TITLE): LHE Cooled Telesco pe PAGE 1 OF 

Extend design lifetime of liquid helium cooled experiment telescopes an d sensors. 

2. TECHNOLOGY CATEGORY: Cryogenic Control -Collectors 

;L OBJECTIVE/ ADVANCEMENT RF.QUTRF.n- Extend the design life of a LHe cooled 

telescope to 12 months. Minimize local flux to enable cosmic backgrou nd measurements 
The spatial and spectral distribution of the cosmic microwave bacXgrounci needs to be 
measured in the IQQ to 3. 000 urn range which Is Inaccessible from the ground. 

4. CURRENT STATE OF AR T: Current maximum lifetime of a LHe closed system is 90 

days, 

HAS BEEN CARRIED TO LEVEL ^ 

5. DESCRIPTION OF TECHNOLOGY 

An IR telescope for wavelengths from 100 to 3000 micrometers with an aperture of 0. 2m, 
FOV of 5 degrees, and f/15 optical system needs to be cooled to liquid helium tempera- 
tures to obtain maximum radiometric sensitivity and accuracy. 


Some controversy exists as to what wavelengths will be most effective in determining 
the spatial and spectral distribution of the cosmic IR and microwave radiation field. 
The portion of the measurements in the 100 to 3, 000 pim which tend to be inaccessible 
can best be accomplished from space by a cryogenlcally cooled IE telescope instrument. 


P/L REQUIREMENTS BASED ON: [gPRE-A,n A,n B,Q C/D 
0. RATIONALE AND ANALYSIS: 


a. The whole telescope will be cooled to below 4.2"K to achieve the perfornoance 
required to survey the spatial and spectral distribution of the cosmic microwave 
background radiation field. 

b. The benefitting payload is AS-03-A, Cosmic Background Explorer, 

c. The technology to extend the des^n life to one year will enable complete coverage of 
the sl?y v/ith one satellite to map cosmic background radiation in the 100 to 3,000 fim 
range. 

d. The Cosmic Background Explorer is desired to be launched in 1979, hence the proof 
of tiie experimental model can be combined with the initial observation flight. 

The basic initial technology demonstration would be performed in a good cooled 
vacuum chamber. 


I 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY iiECnilREM.LNT 

NO. C-1. 6 

1 . TECHNOLOGY REQUIREMENT(TITLEL LHE Cooled Telescope 
Extend design lifetime of liquidhelium cooled experiment 

PAGE ■> OF _3 


7. TK( HNOL(JuY OPTIONS: 


Trade studies required are; 

a. Optimum operating temperature 

b. Type of insulation and Dewar 

c. Type of active cooling 

d. Type of thermal control coatings 

e. Light weight and small size to fit Explorer class vehicles 


8. 'I'KCHNICAL PROBLEMS; 

a. Need better insulating techniques 

b. Realistic demonstration of selected solutions 

c. Reliability of electrical and mectenical components. 

d. Dewar for containing helium for one year (however, techniques being developed by 
Garrett Airesearch for the magnetic spectrometer are applicable on a smaller scale). 


9. POTKNTIAL ALTERNATIVES; 

a. Launch a series of satellites with lesser design lifetimes. 

b. Reduce sensitivity requirements to allow an increase in operating temperature. 

c. Obtain cosmic background radiation measurements at other wavelengths. 

d. Increase satellite size. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

a. W74-70256 (502-21-27), Space Vehicle Thermal Control, Goddard Space Flight 
Center, Stanford OUendorf, (301) 982-5228, 

b. W74-70257 (502-21-27), Thermal Control, Ames Research Center, Jolm V. Foster, 
(415) 965-5083. 

c. W74-70567 (180-31-51), Thermal Systems Management, Lewis Research Center, 

C. A. Aukerman, (216) 433-6223, 

d. W74-70657 (188-78-51), Advanced Technological Development, General: Cryogenics, 
NASA, Washington, D. C. , M. J, Aucremanne, (202) 755-3676. 

EXPECTED UNPERTURBED LEVEL ^ 

n . JiELATED TECHNOLOGY REQUIREMENTS: 
a. Solar electric powered helium recycling {RI-l2,2i 
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14 REFERENCES; I 

a. Summarized NASA Payload Descriptions, Automated Payloads, July 1974, NASA/ 
MSFC, p. 26. 

b. Final Report of iiie Space Shutfle Payload Plaimii^ Workix^ Group, Astronomy, May 
1973, Goddard Space Flight Center, pp. 22-23. 


Legend: 

T ■ Technology 

T1 - AS-03-A, Cosmic Background Explorer 


LEVEL OF STATE OF ART 

1. BASIC PHENOMENA OBSERVED AND REPORTED. 

2. THEORY FORMULATED TO DESCRIBE PHENOMENA. 

3. THEORY TES*n:n BY PHYSICAL EXPERIMENT 

OR JUTHEMATICAL MODEti. 

4. pertinent F’UNCTION or characteristic DEMONSTRATED, 

MATEItlAL* COMPONENT, ETC, 


6, COMPONENT OR BREADBOARD TESTED IN RELEVANT 

environment in the laboratory. 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TES'FED IN SPACE ENVIRONMENT. 

a, NEW CAPABILITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
JO, UFETLME EXTENSION OF AN OJ‘L RATIONAL MODEL. 
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DEFINITION OF TECHNOLOGY REQLIllEMENT NO. C-1.7 \ 

3 . TECHNOLOGY HEQUIUEMENT (TITLE) : IR Scanner/Radiometer PACE 1 OF .4_ 
Imprpve apcuracy of measurement of ocean surface temperature 

2, TECHNOLOGY CATEGORY: rinllpntnrs 

3. OBJECTIVE/ADVANCEMENT REQUHIED: Measure sea siirfanft tflmpRrflt.i]rfi with 

an accuracy of 0,13^K over temperature range of 273 to 309QK. improve jnstf^ntariftou s 

FOV to at least 0.7 milliradian (0.04 deg) and preferably to 0. 21 mr fO.012 deeL 

‘1. CURRENT STATE OF ART; Global maps of the ocean have been obtained to an acnura fiy 

of 1^*K by Weather Service Satfcllite System. DMSP. fOV 1° 

HAS BEEN CARRIED TO LEVEL J 

5. DESCPvIPTlON OF TECHNOLOGY 

The IR scanner radiometer is expected to sweep a 0. 7 milliradian (0. 04 degree) instantane- 
ous field of view across a path +40*^ from a perpendicular to the flight path, by means of s* 
rotating or oscillating mirror. To obtain a good measure of ocean surface temperatur ■ 
versus spatial location (0.4km), selected wavelengths in the 8 to 13 /xm spectral region 
(probably 11.9 to 12.9 pm and 10. 2 to 11. 2 pm) will be used. The scanning mirror will 
collect sufficient energy from each 0.4 x 0.4 km^ spatial resolution element on the ocean 
surface to produce a signal larger than the local IR flux. The scanner will review a cali- 
bration source at least one time per scan to enable attainment of observational accuracy 
desired. High resolution (0.4 x 0. 4 lon^) is only required near the coastline. 


P/L REQUIREMENTS BASED ON: 0PRE-A,D A.Q B.Q C/D 
6. RATIONALE AND ANALYSIS: 

a. Since a fairly wide +40° scan, pein^endicular to orbital direction and the instantaneous 
field of view of 0. 04^ are sized, dwell time on each element is not long. Consequently 
a fairly large collector is required (0.3 to 0.4m aperture). 

b. The current temperature accuracy per spatial element for IR scanner/radiometers is 
about 1° from space; the Seasat A goal is between 0.15 and 1°K. OP-07-A, Seasat B 
goal is 0.13°K. 

c. Sensitive sea current and upwelling measurements depend upon detectivity of minute 
temperature gradients. The higher sensitivity and improved signal to noise ratio will 
permit refinements and additions to present ocean dsmamics measurements. Areas to 
be surveyed- are too great for periodic measurements from aircraft. 

d. A very high resolution radiometer Type VHRR using 0. 6, 0. 7, 10. 5, 12. 5 pm has 
achieved 1°K measurements. The 0.13°K measurement capability from an orbital 
altitude of 600 km can be proved only by comparison against local me.jsurements made 
from aircraft. 


TO BE CARRIED TO LEVEL _8_ 


fRBCroiNO PAGE BLAJsre NOT FILKHS) 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. c-] 

1. TECHNOLOGY REQlJIREMENTYTITLEL TR Scaimer/Radiometftr PAGE 2 OF 4_ 

Improve accuracy of measurement of oceaB surface temperature 

7. TECHNOLOGY OPTIONS: 

The design of a scanner/ radiometer is constrained by the tradeoff between temperature 
sensitivity and spatial resolution. To obtain very fine resolution, a small ratio of detector 
size, d, and focal length, f, is required (hence a large focal ratio). As noted before, if f 
is large, the instantaneous field of view is very small, the radiant area viewed is smaller 
but a larger collector mirror is needed. The size of detector is ejq)ected to be in the order] 
of 1 mm. The detector sensitivity is improved by cooling cryogenicaUy. 

pushbroom arrays up to 5000 detectors per spectral band are being considered according j 
to J. Pitts, Westinghouse Electric Corporation. i 


8. TECHNICAL PROBLEMS; 

a. Collector size versus dwell time per spatial element. 

b. The major technical problem is the effect of clouds and of the atmosphere between the 
satellite and the ocean surfe.ee. Although a systematic calibration chart versus angle 
from the local vertical can be developed by actual test comparisons of orbital readings 
against a local airborne radiometer, there is considerable variation in atmospheric 
masses giving some measure of uncertainty. 

c. Correlation between sea state effects and water temperature. 

9. POTENTIAL ALTERNATIVES; 

A number of coordinated scanner/radiometer instruments operating simultaneously in a 
number of the IR and RF atmospheric windows may produce synchronized sets of data 
versus the same spatial elements, giving a better incremental and absolute radiometer 
accuracy. The multisensor multispectral alternative' using RF bands as well as IH 
sensor chtnnels may provide a correlated set of data enabling correction to 0.1°K. 
However, addition of microwave radiometer antennas, receivers, and data handling 
equipment, have greater weight, volume, and cost demands. 

10. PLANNED PROGRAMS OR ' NPERTURBED TECHNOLOGY ADVANCEMENT: 

W 74-70538 (177-55-11) Remote Sensing of Coastal Upwelling, Glen Goodwin, (415) 965- 
5065. (Indicates that NOAA II, FAMOS, ERTS-B, NIMBUS G thermal imagery now 
being used. ) EXPECTED UNPERTURBED LEVEL J_ 

11. related TECHNOLOGY REQUIREMENTS: 

a. Development of a stable local calibration reference. 

b. Development of correction charts of atmospheric IR measurements versus angle from 
local vertical. 


c. Correlation between sea surface temperature and water temperature 0. 3 m from 
surface. 





DEFINITION OF TECHNOLOGY REQUIREMENT NO. C-1.7 

1 TFnMMOT nr.v rfqtttremfnt mTT,E^: IR Scanner/Radiometer PAGE 3 OF J — 
TTYiprove.accnra.cv of in ea,sureme.at..aLaa^Ji.aiu:fac.ft,,t.QiT>psratMre 

12, TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 

SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 

1 . Trades & Predesign 

2 . Exp Model Fabr. 

3. Tests, Calibration & 

Evaluation 

4. 

5. 










i 










APPLICATION 
] . Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 




■ 

■ 


1 

1 



\ 


1 





1 

{ 

1 

_ 


1 


t 

1 

1 

1 

1 

1 


13. USAGE SCHEDULE: 




1 

^ . 1 

TECHNOLOGY NEED DATE 



T 







L 







rOTAL 

NUMBER OF LAUNCHES 








1 


L 






1 

1 

14. REFERENCES: 

a. Summarized NASA Payl( 

b. Preliminary Payload De 
6-110 thru 6-126. 

c. E & OP Applications Pri 

d. W 74-70538 (177-55-11). 

(References continued on pa 
Legend 

T = Technology 

T1 = OP-02--A, Seasat B 

15. LEVEL OF STATE OI 

PHENOMENA OBSERVED 

2. THEORY FORMULATED TO DES< 

3, THEORY TESTED BY PHYSICAL 

OR mathematical model. 
4* pertinent function or chaj 

E.G., MATERIAL, COMPONEl 

sad 

scr 

3gTi 

R 

•ge 

!• A] 

\ND I 

:r!be 
EX PE 

UCT 
'^T, E 

Descriptions, Level A Data, NASA PD, July 1974. 
iptions, Vol. I, Automated Payloads, July 1974, pages 

am, Vol. II, Rationale and Program Plans, September 1972 
emote Sensing of Coastal Upswelling. 

4.) 

Dm 6. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LARORAIORY. 

lEPORTED, 6, MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

PHENOMENA. 7, MODEL TESTED IN SPACE ENVIRONMENT. 

RIMENT 8. NEW CAPABILITY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

eristic DEMONSTRATED, 9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 

TC. 10, LIFETIME EXTENSION OF AN Ol'LRATlONAL MODEL, 
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DEFINITION OF TECHNOLOGY EEQUIKEMENT 


NO. 


1. TECHNOLOGY REQUIREMENT mTLE)- IR Scatmer/Radlometer PAGE 4 OF 4 
iTTiprove accuracy of measurement of ocean surface temperatare 

14. REFERENCES: (Cont'd) 

e. Definition of the Technical Requirements for an Earth Resources Payload, Vol. 5, 
Appendix A, Sensor Zlata, Table 3, Earth Resources Market Analysis of October 15, 
1973. 

f. Infrared-Optical Techniques Applied to Oceanography, Measurement of Total Heat 
Flow from the Sea Surfaces, E. D. McAlister, May 1964, Applied Optics. 

g. A Radiometric System for Airborne Measurement of the Total Heat Flow from the Sea, 
E. D. McAlister and W. McLeish, Page 2697, Dec. 1970, Applied Optics. 

h. Oceanography from Space, April 1965, Ref. 65-10 Woods Hole, E. D. McAlister and 
W. L. McLeish "Oceanographic Measurements With Airborne IR Equipment and Their 
Limitations, page 189. 
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DEFINITION OF TECHNOLOGY REOUIHEMENT 


NO. C-1.8 


1. TECHNOLCJGY REQUIREMENT (TITLE): VIS-IR Optics Expert- PAGE 1 OF 3 

mental TecbBiques for Lasers;Communicatlon Fineness and Stability of Alignment; 
Enable manual access as well as automatic and manual adjustment. 

2 . TECHNOLOGY CATEGORY: Collectors 

:L objective /advancement REOilTEEnT Aligmment of multiple mirrors of optical 
system is desired within 0, 04 arc second (may be mitigated for optical bench by choice 

of mirrors) to minimize wavefront distortion, avoid spoiling coherence, and enable 
tracking. Tracking of glmballed laser telescope will be good to about 1 arc second 

after initial acqui s i tion search. 

4. -CURRENT STATE OF ART: Optically flat mirrors (even half silvered for beam 

splitting) and two axis mirror mounts manually adjustable up to 0.1 arc sec exist; how- 
ever, neither adjustments for long optical trains nor the breadboard philosophy for laser 
experimentation have been proven yet. been CARRIED TO LEVEL 4 


5. DESCRIPTION OF TECHNOLOGY 

Modulated laser beams at 10.6, 1.06, 0.53 fim are used as carriers in a laser communi- 
cation system. For experimenters to have access to the lasers and receiving circuitry, 
systems of mirrors are used to route received and tran.=:mitted beams to an optical tele- 
scope that is used for projecting and receiving the signals. To avoid damage to mirrors, 
the outgoing laser beams are expanded to distribute laser energy over a greater reflec- 
tion area. All the optics are to be mounted in a stable structure. Some of the mirrors 
are fixed but manually adjustable; some are on two axis mounts driven by error signals 
via analog or digital computing circuits to compensate for Space Lab or orbital vehicle 
motions as well as tracking errors. In practice, small optical mirrors cannot main- 
tain beam coherence equivalent to 0. 04 arc sec (Airy disc size is about 1 arc sec at 
wavelengths shown). However, as has been demonstrated by many autocollimators, 
angular detection devices track either the centroid or preferably the edges of a re- 
flected image of a small mirror which may be blurred by diffraction and aberrations 
with an accuracy of 0.04 to 0.06 arc seconds. "Cat's Eye" type reflectors need to 
be researched to minimize need for sub-arcsecond alignment. , 

P/L REQUIREMENTS BASED ON: I^PRE-A.Q A,D B,D C/D ; 
(. RATIONALE AND ANALYSIS: ! 

a. Although most of the optical system components for receiving and transmitting the 
laser commimication to and from a Space Shuttle Orbiter payload are available, 
logic programming and servo system techniques need to be developed to enable Inte- 
gration of components. 

b. The techniques are needed to implement CN-05-S, Laser Commimication Experiment 
(MSFC version). An additional laser experiment proposed by GSFC with a new 
CN-XX-S number can be mounted outside the Spacelab cabin on the pallet. It is not 
accessible for manual experimentation during flight. However, the optical beam 
alignment and transfer techniques may be applicable to all payloads involving optical 
reterencing, tracking, or pointing, where very good correlation and alignment are 
needed. 

c. The techniques will enable development of techniques for proper detection and trans- 
lation of laser signals from ground to space and space to ground, A later GSFC ex- 
periment will apply lesse^ns learned toward development and test of practical laser 
communications equipment. 

d. The technology requirement is satisfied when a similar optical system „ 

functions successfidlv in space. TO BE CARRIED TO LEVEL ^ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-1.8 



8. TECHNICAL PROBLEMS: 

a. Optical path extends from pallet in shuttle orbiter to pressurized module and is sub- 
ject to large deflections and distortions. 

b. Use of a number of movable mirrors In passing the beam through a multiaxis mount 
as well as the beam deflectors requires a systematic allocation of corrections in each 
axis of each deflector. 

c. Tracking pointing needs to be accomplished to within a fraction of a beamwidth {0. 1 
arc sec for 1 arc sec beam) simultaneously with alignment of laser signal optical 
trains; Interactions may occur. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-1.8 


1. TFCHNfU .nr,V RFQTTTREMFNT (TTTT.E); VIS-IR Optics Expert- PAGE 3 OF _3__ 

mentel Techniques for Lasers ;Communication Fineness ^bilLty of Alignment; 
RTiabTe -manual access as well as automatic and manual adiustment. 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 


CALENDAR YEAR 


SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 

1. Parametric Analysis 

2. Comm. Breadboard 

3. Test & Evaluation 

4. 

5. 



— 

— 

— 















APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4. 








• 






# 

! 

• 



i 

1 

1 

i 

j 


13. USAGE SCHEDULE: 

TECHNOLOGY NEED DATE 





T 












1 

’OTAL 

NUMBER OF LAUNCHES 








1 

1 

1 



1 

1 

1 


J 

6 





14. REFERENCES: 


a. Definition of Experiments and Instruments for a Communication/Navigation Research 
Laboratory, Vol. II, Experiment Selection, Study Report DR -MA-04, May 1972, 
TRW, pages 9-1 thru 9-19, Appendix A pages 9A-1 thru 9A-15. 

b. Summarized NASA Payload Descriptions, Sortie Payloads, Level A Data, NASA PD, 
July 1974. 

c. Preliminary Payload Descriptions, Volume II, Sortie Payloads, Level B Data, 
NASA, July 1974. 

d. Ltr. from Robert T. Martin of Barnes Engineering Company to H. Ilmrd, 

27 Dec. 1975. 

Legend 

T = Technology 
• = Sortie Operations 


15. LEVEL OF STATE OF ART 

1, BASK t^HENOMENA OBSERVED AND REPORTED. 

2. THEORY TOiiMltLATED TO DESCRIBE PHENOMENA, 

3* THEORY TESTED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL .MODEL, 

i. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 
E,G., MATERIAL. COMPO.NENT, ETC. 


5. COMY'ONFNT OR flREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LA IVORATORY , 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TES'FED IN SPACE ENVIRONMENT. 

8. NEW CAPABILITY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

9. RELIABILITY UPGRADING OF AN OPERATH'SAL MODEL. 
10. LIFETLME EXTENSION OF AN QI’LRAT!ON-\L MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO* GE-1*9 


i . TECHNOLOGY REQUIREMENT (TITLE) ; 


LARGE MICROWAVE ANTENNA ARRAYS 


PAGE 1 OF 3 


Collectors 


2. TECHNOLOGY CATEGORY: 

3 , OBJECTIVE/ ADVANCEMENT REQUIRED; Maintain the required dimensional 
accuracy of large foldable antenna arrays in terms of flatness and phase-feed 
point dimensions. 


4, CURRENT STATE OF ART: Antenna structure can be designed and m anufactured 
to the required tolerances, but maintenance of the tolerances in the extreme 
thermal conditions of space is not in the Si A. HAS BEEN CARRIED TO LEVEL 3 


5, DESCRIPTION OF TECHNOLOGY 

The subject advancement is representative of structural requirements for large 
(over 5m) foldable microwave antenna arrays for active and passive earth sensing 
applications. Flatness requirements range from 1/4 to 1/20 wavelength. For in- 
stance, the ATL printed circuit array antenna which will support simultaneous 
measurements in altimetry, sea tterometry and passive radiometry will require sur-l 
face flatness during operation less than 0*25 CM. During the Shuttle era, antenrji 
lengths up to 30 meters long (Met. Radar Facility) are 'planned. They will be 
articulated or deployable, and will receive varying thermal flux contributions 
from the earth's albedo, the sun, and the Shuttle/Spacelab assembly. 

Foldable antenna arrays, up to 30 m, long have not been built to date. A 14 metetl 
long printed phase array is being designed for SEASAT* Although flatness toler- 
ances of 0.25 CM over a 25 meter span are well within current manufacturing capa-j 
bilities, the maintenance of these tolerance limits under the expected space 
thermal conditions is not within the state of the art. 

P/L REQUIREMENTS BASED ON: DPRE-A,® A, □ C/D 


6. rationale AND ANALYSIS: 

(a) The required dimensional tolerance of antenna arrays will be based on opera- 
ting frequencies ranging up to 100 GHz and the criteria of 1/4 to 1/20 wavelength 
contour accuracy. The optimum frequency upon which the design will be based will 
consider the required altitude and radiometric measurement accuracy and degree of 
weather penetration. 

(b) This technology advancement specifically supports; the Slotted Waveguide 
Antenna for Payload No. ST- 22S (ATL); the Shuttle Imaging Microwave System, 
EO-05S; Multifrequency Radar Land Imagery, OP-02S; Multifrequency Dual Polarized 
Microwave Radiometry, OP-03S ; and the Millimeter Wave Experiment. 

(c) This advancement will be instrumental in attaining altitude measurements 
with less than one meter error for averaging times of ten seconds, land and ocean 
imaging, microwave soundings of the atmosphere and other earth observation appli- 
cations. 

(d) Structural models of the antenna array should be tester] in simulated thermal 
vacuum conditions* 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : 


NO. GE-1.9 
PAGE 3 OF 3 


LARGE MICROWAVE ANTENNA ARRAYS 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 

SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 
1. Thermal /structural Anc 

2* Material Selection 

3. Range Tests of Proto- 
type. 

4. Space Qualification 

1.- 

— 

— 














( 

1 



APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4. 




* 

— 

- 


























1 13. USAGE SCHEDULE: 






TECHNOLOGY NEED DATE 

















1 

:OTAL 

NUMBER OF LAUNCHES 






5 

5 

4 

4 

4 

3 

4 

5 

4 

6 

5 

4 

53 

14. REFERENCES; 

1, Study of Shuttle C 
Laboratory ATL. 

2. Shuttle Imaging Mi 
by Dr. J. Waters, 

15. LEVEL OF STATE 01 

1. BASIC PHENOMENA OBSERVED 

2. THEORY roUMULATED TO DES< 

3. TriEOR’k TESTED BY PHYSICAL 

OR mathematical model. 

4. PERTINENT FUNCTION OR CHAJ 

E.G.. MATERIAL, COMPONE! 

Jorap 

TM- 

xrc 

JPI 

^A1 

i^ND r 
:kibe 

EX PE 

RACT 
NT, E 

atible Advanced Technology 
-X-2813 

twave, System (SIMS), Perspectives and Objectives, 
January 22, 1974. 

Drp 6^ COMPONENT OR BREADBOARD TESTED tN RELEVANT 

ENVIRONMENT IN THE LABORATORY . 

lEPORTED* 6, MODEL TESTED IN AIRCRAFT ESVtRONMENT. 

PHENOMENA, 7, MODEL TEffPED IN SPACE ENVIRONMENT. 

RIMENT B, NEW CAPABILITY DERIVED FROM A M'JCH LESSER 

OPERATIONAL MODEL. 

ERISTIC DEMONSTRATED, 9. RELIABILITY UPGRADING OF AN OPF.RATIONAL MODEL, 

TC, 10. LIPETLME EXTENSION OF AN OPERATION AT. MODEL. 
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DEFINITION OF TECHNOLOGY IIEQUIUEMENT HO, C - 2. 1 

1 . TECILN'OLOGY REC^LTUEMENT (TITLE): ^a U al De tect, orj PAGE 3 C3F _t- 

Spatial readout resolution, dimensional stability, fco jmic or gamma ravsi 

2. TECHNOLOGY CATEGORY; Sensors 

3. OBJECTIVE/ ADVANCEMFNT REQTlTRF.n- gamma ray or nuclear particle's 

trajectory through spatial detector to 0.1mm (and preferably to Q. Olmm) with relative pos i- 
tion to 0. 002mm over 1. 2m range to enable d etectible rigidity from 200 GV/c to 10^ GV/c . 

4. CURRENT STATE OF ART: Current state of art provides a spatial resolution of 

+ 0. 2mm with fou r measu rements averaged to provide +0. Imin per detector element whic h 

is equivalent to a maximum rigidity of 200 GV/ c. HAS BEEN CARRIED TO LEVE L 6 

5. DESCRIPTION OF TECHNOLOGY 

Spatial detectors can sample a gamma ray or nuclear particle trajectory at 3 or 4 points. 
Each point should be measured at least to +0. 1mm. The current positional 
accuracy capability combined with the field from a superconducting magnet for a cosmic 
ray will yield a ^ectrometer mean maximum detectible rigidity of 200 GV/e v/ith + 0.1 mm 
measurements and in the future to lO'^ GV/c with 0.002mm measurements. Conventionally, j 
each spatial detector would consist of a multiwire proportional chamber with delay line 
readout. The charge deposited by a cosmic ray is drawn to the closest wire in the cham- 
ber and multiplied in the detector gas. The time required for the induced signal to propo- 
gate to the end of the delay line attached to the wire indicates the location where ionization 
occurs. The resultant value is digitized for oulput. Time of flight measurments enables 
identification of tracks as gamma ray or as cosmic rays, and provide an additional meas- 
ure of energy through determination of velocity. 

P/L REQUIREMENTS BASED ON: PRE-A,n A,n B,Q C/d/ 

6. RATIONALE AND ANALYSIS: 

a. When traversing a magnetic field, a charged particle is bent through an angle which 
is proportional to its rigidity (momentum/unit charge) . Hence a higher energy 
particle's trajectory is bent less, requiring more precise readouts. Gamma rays, 
of course, are not bent^but can be converted to e+ e" pair, which is bent. 

b. Payloads benefiting fron. improvement in spatial detector resolution and accuracy 
include HE-15-S and HE-09-A, 'Magnetic ^ectrometer". Spatial detector techni- 
ques are also applicable to HE-08-A, Large High Energy Observatory (Gamma Ray). 

c. Improvement in spatial detector resolution and stability of 10 to 50 times the accu- 
racy of present day gaseous or proportional spark chambers would extend the useful 
range of magnetic spectrometers as high as 10“^ GV/c. Greater accuracy in deter- 
mining direction of arrival of gamma i ays is needed. 

d. Improved spatial detectors can be tested by ii^tallation in early or existing magnetic 
spectrometers used in balloon flights as well as in gamma ray instruments. These 
early tests should indicate feasibility by 1976. 


TO BE CARRIED TO LEVEL 8 

■ j -I - - . . - . — — - - - - - ■ — - -- 
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DEFINITION OF TECHNOLOGY UEQUIUEMENT 


NO. c- 2.1 


1. TECHNOLOGY REC3LTREiVlENT(TITLE): ^atial Detector; PAGE 2 OF X 

Spatli^I readout resolution, dimensional stability > (cosmic or gamma rays) 

7. TECHNOLOGY OPTIONS: 

Conventional measurements of gamma ray or particle trajectories (in a magnetic field) 
utilize proportional and spark chamber technology. Solid state high spatial resolution de- 
tectors not using gas as a detection medium are being investigated using stable substrates. 

Considerable improvement can be obtained by measuring positions of spatial detectors 
relative to each other by auxiliary optical systems. Calibrations better than 0. 01 mm by 
straight traiectoxaes will help. With the magnetic field applied, the bend angle for various 
energy particle may be determined by measurements at four locations. Four measure- 
ments of the particle’s path allow greater rejection of background than would three. 


8. TECHNIC A I PROBLEMS: 

a. For gaseous proportional or spark chambers, the temperature should remain within + 5° C 
and the pressure within 0. 05 atmosphere of the desired limits. Other than data readout 
variations and triggering, there appear to be few problems in attaining performance of 

+ 0. 1mm accuracy. Higher accuracy appears to require non-gaseous proportional chambers, 

b. Selection of high structural stability and low outgassing materials. 

c. There is a problem in delay line readout of multiwire proportional counters due to two 
particles (e"'' and e"; transversing the counters. There appears to be no solution in sight 
for the delta rays associated with extending performance to charge 26, 


9. POI ’ NTIAL ALTERNATIVES: 

A spatial detector system consisting of four plates of detector per spatial detector axis. 
Instead of using conventional proportional or spark chambex* technology which usually 
means arrays of wires and gas, each plate would consist of a thin array of detectors which 
measure location and time of flight of a gamma ray or nucleon thru the plates. In addition, 
the detector elements provide coincidence-anticoincidence triggers to define the FOV geran 
• etry, charge magnitude, time of flight of each particle or gamma ray. (Some instruments 
require identificat ion of track as a cosmic ray or gamma ray type. ) 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

a. RTOP W74-70646 (188-46-56) Particle Astrophysics, NASA HQ, Albert G. Opp, 

(202) 755-3665. 

b. RTOP W74-70651 (188-46-64), Astrophyacal Investigations on the Space Shuttle, NASA 
HQ, Albert G. Opp, (202) 755-3665. 

c. RTOP W74-70652 (188-46-64), Shuttle Definition Studies for High Energy Astrophysics, 
F. B. McDonald, GSFC, (301) 982-4801. EXPECTED UNPERTURBED LEVEL 6 

11 . RF l.ATED 3 ECHNOLOGY REQUIREMENTS; 

a. Magnetic field uniformity and predictability (DeWar/Cryostat/Magnet Assembly). 

b. Uniformity and knowledge of spatial detector temperature. 

c. Automatic eryostat/Magnet control. 

d. Spatial detector electronics (subnanosecond circuitry). 

e. Pressurizable thermal control shield with minimum loss & secondary radiation. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO, C- 2.1 


1. TF.C HN01 DGY RTCQTITREM ENT (TITLE) : Spatial Detector; PAGE 

spatial readout resolution, dimensional stability, (cosmic or gamma rays 


PAGE 3 OF 4 


12. TECHNOLOGY REQUIREMENT^. SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 


TECHNOLOGY 
1, Options & Para. Anal. 


2 . Design of Exp. Model 


3. Fabrication & Assembly — 


4. Tests & Evaluation 


APPLICATION 
1. Design (Ph, C) 


2. Devl/Fab (Ph. D) 


3. Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


TOTAL 


NUMBER OF LAUNCHES 


M2 G1 


IG2lGllMll 


REFERENCES: 


a. Final Report of the Space Shuttle Payload Planning Working Groups, Vol. 3, High 
Energy Astrophysics, May 1973, pages 39 and A-23. 

b. Superconducting Magnetic Spectrometer Experiment for HE AO Mission B, Part I 
Preliminary Design and Performance Specifications, Contract NAS 8-27408, 1 June 
1971 thru 15 Feb. 1972, Control No. DCN 1-1-21-00090(IF). 

(Continued on page 4) 


Ml = Sortie Flight of M^netic Spectrometer (HE-15-S) 

M2 = Automated Fli^t of Magnetic Spectrometer (HE-09-A) 

G1 = Prototj^e Gamma Ray Sortie Mission Instrument (HE-16-S) 
G2 - Automated Free Flyer Gamma Ray Instrument (HE-08-A) 

• = Sortie Operations 
~ = Automated Operations 


LEVEL OF STATE OF ART 


1. BASIC PHENOMENA CBSER\reD AND Hr PORTED, 

2. THEORY roitMULATED TO DESCIHL.. PHENOMENA, 

3. TdZOn\ TESl’ED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL, 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 

E.G., MATERIAL, COMPONENT, ETC. 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY, 

0, MODEL TESTED !N AlRCRAtT ENVIRONMENT, 

7. MODEL TES'fED IN SRACE ENVIRONMENT. 

B, NEW CAPAHILITY DERIVED FROM A MUCH LESSER 

operational model. 

3, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. LIFETLME EXTENSION OF AN OJ‘L RATIONAL MODEL, 


*Also G1 and G2. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT (TITLE): Spatial Detector; PAGE 4 OF ^ 

Spatial readout resolution, dimensional stability, (cosmic or gamma rays) 


14. REFERENCES: (Cont'd) 

c. Introduction of Experimental Techniques of Hi^ Energy Astrophysics, H. Ogelman 
and J. R. Wayland, GSFC, 1970. 

d. Summarized NASA Payload Descriptions, Level A Data, Automated Payload.', NASA 
PD, July 1974. 

e. Preliminary Payload Descritions, Vol. I, Automated Payloads, Level B Data, July 
1974. 

f. Summarized Level A and Level B Descriptions, Vol. n, for Sortie Payloads, July 
1974. 

g. High Resolution Readout of Multiwire Proportional Counters Using the Cathode 
Coupled Delay Line Technique, by J. L. Lacy and R, S. Lindsey, JSC, March, 1973. 

h. A Direct Measurement of Magnetic Rigidity Spectra of Cosmic R.iy, J. H. Adams, 
North Carolina State University at Raleigh, N.C. , JSC Doc. MTM-TN2-71, January 
1973. 

i. Superconducting Magnetic Spectrometer for Cosmic Ray Nuclei, Review of 
Scientific Instruments 1, January 1972. 

j. A Measurement of Cosmic-Ray Rigidity Spectra Above 5 GV/c of Elements from 
Hydrogen to Iron, A atrophy si'_al Journal 180 , 987, March 1973. 

k. Spatial Spark Jitter Measurements of Hi^ly Charged Nuclei for Optical Spark 
Chambers, Review of Scientific Instruments, 43 , 1285, September 1972. 

l. "Superconducting Magnet and Cryostat for a Space Application", and ’Low Heat 
Leak Current Leads for Intermittent Use", G. F. Smoot and W. L. Pope, to 
appear in Vol. 20, Advances in Cryogenic Engineering (1974). 




DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. J 


1. TEilHNOLOGY REQUIREMENT (TITLE) : X-Rav Transmission Grati ng PAGElof£_ 

Dimensional stability of elements versus temperature, g level, size 

2. TECHNOLOGY CATEGORY: Sensor .. 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: Spectral resolving power of A/AA-^5 fcZQ Q 
a t 0,31 to 12.4 nm respectively, for signal input of 3 x 10 photons/sec cm arc minute ; 

survive launch acceleration to 5gt 263^K to 3Q3^K', grating dia. = 0.5m. 

4. CURRENT STATE OF ART: A 0. 3m dia. transmission gratii g of 1400 lines per mm 

with gold evaporated on it at a near-pfrazing angle was used on the Slq^lab ATM in the 0.3 
to 6 nm range. HAS BEEN CARRIED TO LEVEL V 

S. DESCRIPTION OF TECHNOLOGY 

Low resolution spectral data are obtained by dispersing incident X-rays from an X-ray 
telescope with a transmission grating located near the telescope mirror. Each point 
source in the field of view results in a point image and a line image in which the position 
along the line follows the normal grating function of the wavelength. The spectral resolu- 
tion is poorer than obtained witli crystal spectrometers but since data are talcen simultane- 
ously over the entire spectral range, a higher data rate is obtained which enables investiga- 
tion of weaker sources and of temporal behavior of stronger sources. 


P/L REQUIREMENTS BASED ON: jS PRE-A,Q B,D C/D 

6. RATIONALE AND ANALYSIS: 

a. Dimensional stability of the transmission grating lines to avoid permanent distortion by 
ascent and versus temperature change are critical as well as materials used for 
stabilizing the grating. Progressive improvement ard tests will result in rugged trans- 
mission gratings for each type of x-ray telescope. 

! * 

b. The transmission grating is useful in the 1. 2m X-ray (HE-llA) telescope as well as the I 

Large X-ray telescope (HE-Ol-A). It could also be applied in 1 mere pnies of telescopes! 

c. An improved transmission grating capable of handling X-rays from 0.1 keV to 4 keV I 

(0.31 to 12.4 nm) properly coupled to the Large X-ray telescope and appropriate j . 

detector will enable low resolution spectroscopy at very faint sigtial levels. | 

d. Transmission gratings for X-ray telescope flown in 1973; larger greater range grating i 

needs to be developed. 

Test to be performed in cooled vacuum chamber to demonstrate technology. | 


TO BE CARRIED TO LEVEL 8 I 


7-59 



8. TECHNICAL PROBLEMS: 

Primary problem is dimensional stability of transmission grating line spacing during 
ascent and descent versus g level and temperature change. Grating mounting needs to be 
stable (with little residual vibration or movement during an observation); however should 
be stowable outside of X-ray beam when not wanted and should be axial adjustable by 
remote control. 

9. POTENTIAL ALTERNATIVES: 

a. Primary ruled reflection grating, p.atinum on glass, holographically ruled. 

Such gratings , however, usually are designed for smaller angular divergence tlian 
produced by typical X-ray mirrors. 


lU. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT 
BiaEOP: W 74-70631, X-ray Astronomy, N. G. Roman 


EXPECTED UNPERTURBED LEVEL 7 

11. related technology REQUIREMENTS: 

X-ray telescope (development of better sensitivity, spatial resolution, and field of view). 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. c-2.2 


1 . TEC HNOLOGY REQUIRFM ENT (TITLE) ; 




12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 



SCHEDULE ITEM 


TECHNOLOGY 

1. Trades, Anal. , Design 

2. Sample Grating Fab. 

3. Test & Evaluation 




APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


13. US“AGE SCHEDULE; 


TECHNOL OGY NEED DATE 


NUMBER OF LAUNCHES 



T1 

T2 T4 T3 
T5 Tfv T4 


T4T2 11 
T4 


14. REFERENCES: 

a. Final Report of the Space Shuttle Payload Planning Working Groups, NASA/GSFC, 
May 1973, pages A-1, -2, A-4. 

b. Summarized NASA Payload Descriptions, Sortie Payloads, PD, NASA, July 1974, 
pages 112, 113, 114. 

, • j (Refe:?ences Continued on Page 4) 


= Sortie operations 
= Automated operations 

= HE-03-A, 0. 75m X-ray Telescope (82-A), (85, 86, 88, 90, 91-S). 
= HE-11-A, 1. 2m X-ray Telescope (82, 84-S), (83, 91-A). 
i = HE-Ol-A, Large X-ray Telescope Facilitj' (1986). 

I = HE-19-S, Low Energy X-ray Telescope, 

' = HE-20-S, High Resolution X-ray Telescope. 

= Automated (free flyer) S = Sortie 

LEVEL OF STATE OF ART couponfnt on breadboard ■ 


BASIC PHENOMENA OBSERVED AND REPORTED, 

THEORY roUMULATED TO DESCRIBE PI ENOMENA. 

THEORY TESTED BY PHYSICAL EXPERIMENT 
OB MATHEMATICAL JIODEL. 

PERTINENT FUNCTION OR ClLcVRACTERlSTIC DEMONSTRATED, 
MATERIAL, CO^'.PONENT, ETC. 


5. COMPONENT OR BREADBOARD TESTED IK RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

0, MODEL TESTED IN AlfiCR^\FT ENVIRONMENT. 

7. MODEL TES'rED IN SPAC'E ENVIRONMENT. 

8. NEW CAPAim.lTY DLRIVXD FRO^I A MCCM LESSER 

OPERATIONAL MODEL. 

9. RELIABILITY UPORADINC OF AN OPERATIONAL MODEL. 

10, LIFETIME EXTENSIO.N OF AN OJ’EHATIONaL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. s> 

1. TECHNOLOGY REQUIREMENT {TTT j .R ) ; X>-Ray Transmission Grati ng PAGE 4 OF 4 
Dimensional stability of elements versus temperature, g level, size 

14. REFERENCES: (Cont'd) 

c. payload descriptions, Vol. I, Automated Payloads, Level B Data, NASA, July 1974, 
HE-03-A, HE-ll-A, HE-Ol-A; pages 2-31 thru 2-56, 2-131 thru 2-158, and 2-1 thru 
2-28. 

d. Conference, S. S. Holt with E. Saari, 6 November 1974, at GSFC. 





DEFINITION OF TECHNOLOGY REQUIREMENT NO. C-2.3-1 

1. TECHNOLOGY REQUIREMENT fTITLE) : X-ray Max. Sensitivity Detector PAGE 1 OF 5 

Detector window passband efflciencv, charged particle rejection 

2. TECHNOLOGY CATEGORY: Sensors 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: Achieve sensitivity of 3 x 10~'^ counts per 

cm^”SeQoi^d“arc minute^, spectral range 0.1 to 4 keV (0, 31 to 12.4 nni), sectional 

detectors fpT- anticoincidence 

4. CURRENT STATE OF ART: The current state ol' the art very nearly meets technology 

goal except for closed cycle cooling system and a front window transparent to X-rays fro m 
0.1 to 4 key. HAS BEE N CARRIED TO LEVEL 7 _ 

5. DESCRIPTION OF TECHNOLOGY 

The detector concept includes a supercooled Si (Li) detector cooled to 70 to 120° K with a 
transparent front window. The primary detector is surrounded by anticoincidence solid 
state detectors to minimize background arising ixom charged particles and Compton 
scattered photons. The detector front window should be capable of passing 0.1 to 4 keV 
(12.4 to 0. 31 nm) X-ray photons and rejecting the local flux of charged particles. The 
current state of the art very nearly meets the technology goals except for a closed cycle 
cooling system and a front w'indow transparent to the desired spectral range. 

The detector assembly for HEAO-B currently emploj's solid methane, with ammonia as 
a secondary refrigerant. The current detector cannot operate below 0.4 keV because of 
noise. The capacitance of tlie detector is a problem. Segmenting would help and could 
reduce the capacitance effect to a fraction of a picofarad. The quality of FET preampli- 
fiers is currently going downward and needs improvement. 

See pages 4 and 5 for additional tecimology description, 

P/L REQUIREMENTS BASED ON: [g] I^HE-A,D A.D B,D C/D 

6. RATIONALE AND ANALYSIS; " 

a. Solid state detectors, with cooling, have the best presently obtainable detector spectral 
response and efficiency using a direct photo electric interaction. When used with the 
Large X-ray Telescope, the detector will enable sources 10"*^ SCO X-1 to be detected 
(detector will be capable of a sensitivity of 3 x 10““^ counts/cm^- sec-arc minute^ as 
limited by effectiveness of rejection of charged particles). 

b. Any or all of the X-ray telescopes of HE-19-S, Low Energy X-Ruy Telescope, HE-ll- 
A, Large High Energy Observatory D, HE-^l-A, Large X-Ray Telescope Facility Ob- 
servatory, can use a maximum sensitivity detector to improve total system effective- 
ness. 

c. A maximum sensitivity detector enables realization of full sensitivit}' of an X-ray tele- 
scope particularly at the lov/er energjr levels. Improvement in segmenting will also 

provide mapping or imaging data, 

d. When a maximum sensitivity detector can be operated with a large X-ray telescope 
and effectively rejects background from charged particles and Compton scattered 
photons, these technology requl*rcir.snts are satisfied. Test should be performed in a 
HEO-B spacecraft in 1978 on a;i Atlas/Centaur launch. 

TO BE CARRIED TO LEVEL 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-2.3-1 


1. TECHNOLOGY RF.Ol)TREMENTrnTLE\; X-ray Max. Sensitivity Detecto r PAGE 2 OF 5_ 

Detector window passband efticiencv. charged particle reiection 

7. TECHNOLOGY OPTIONS: 

Trades of detector size, coincidence-anticoincidence confiejurations, entrance window 
material, cryogenic cooling are ej^jected to produce a maximum sensitivity detector whose 
threshold sensitivity, limited by sky background, can detect 3 x lO"*^ counts per cm^-sec- 
arc minute^. Due to the necessity for rejecting charged particles and Compton scattering 
components, considerable detector electronics are needed for coincidGnce-anticoincidence 
gates, pulse height (energy) analysis, and output registers to handle the considerable dynamic 

range in counting rate and energy range. Segmenting, besides itnprovLng spatial resolu- 
tions, will reduce noise and eventually enable operation down to 0.1 keV. Cliarged par- 
ticle influx may be minimized by using a permanent magnet to sweep aside low energy 
protons or electrons. Gamma ray noise, except down the detector axis, will be minimized 
by anticoincidence circuitg. 


8. TECHNICAL PROBLEMS: 

a. There is a problem of enclosing the active Si (Li)within the anticoincidence volume and 
yet providing adequate cold finger contact. Due to the small dimensions of the detector, 
time of flight values are small for X-rays. However, signal may be gated for durations 
up to use. 

b. Converselyjincreasc of area increases the background count rate, 

c. Mounting to* minimize microphonics. 

d. Need many detectors on the same silicon chip. f. FET preamplifier noise. 

e. Front window transparency vs. anticolncLdence g. Gama ray interference. 

effectiveness. 

9. POTENTIAL ALTERNATIVES: 

a. Since detector and anticoincidence dimensions tv‘'nd to be too small for effective use, 
multiple layer detector arrays of larger size give more effective anticoincidence 
’’shielding". 

b. Image converter/intensifier of high sensitivities, low background noise level, and 
anticoincidence shielding. However, entrance window efficiency over total spectral 
range is a problem. 

c. Scintillation Shield (such as Csl (Na) counter anticoincidence system). 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

a. RTOP, W74-70631 X-ray Astronomy, N. G. Roman. 

b. HEAOB, 0.875m X-ray Telescope, R. Giaconni, ASE. 

c. Additional X-ray telescopes gradually improve in collector area sensitivity, and angular 
sensitivity. (The telescope instrument definitions usually include options for maximum 
sensitivity detectors. ) 

EXPECTED U NPERTURBED LEVEL _7. 

11. RELATED TECHNOLOGY REQUIREMENTS: 

a. Large area X-ray telescope focusing X-ray to about 1 cm detector area. 

b. Cryogerdcs for holding detector material at low noise levels for long durations. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. c - 2.3-1 


1. TECHNOLOGY REQUIREMKNT /TITLKL X-ray Max Sensitivity Detector PAGE 3 OF^ 
Detector window passband eHiciency, charged particle rejection 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


76 

77 

78 

Bl 

m 


El 


01 

m 


87 


90 

61 

■ 

■ 

TECHNOLOGY 

1. Trades, Tests, Analysis 

2. Design & Fab, Imp. Proto- 
type 

3. Tests & Evaluation 

1 

■ 

jT2 

T1 


1 

1 


1 

1 

1 

1 






1 

1 

1 

APPUCATIONS 

1. Design (Phase C) 

2. Development/Fabrica- 
tion (Phase D ) 

3. Operations 
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13. USAGE SCHEDULE 


TECHNOLOGY NEED DATE 


■ 

1 


w 

■ 

■ 


■ 

1 

p 

L_ 


■ 

■ 

■ 

■ 

Total 

NUMBER OF LAUNCHES 

1 

1 


1 


1 

1 

BSj 

1 

1 

1 


1 


T4 

T1 

T4 

T1 

T2 

T4 

16 


14. REFERENCES: 

a. Final Report of the Space Shuttle Payload Planning Working Groups, NASA/GSFC, 
May 1973, pages A- 1, -2, A-4. 

b. Summarized NASA Payload Descriptions, Sortie Payloads, PD, NASA, July 1974, 
pages 112, 113, 114. 

c. Payload Descriptions, Vol. I, Automated Payloads, Level B Data, NASA, July 1974, 
HE-03-A, HE-ll-A, HE-Ol-A; pages 2-31 thru 2- i6, 2-131 thru 2-158, and 2-1 thru 
2"28 

d. Conference, S. S. Holt with E. Saari. 6 Nov. 1974, at GSFC. 

e. Comments, M. Lampton, UCB, Berkeley, CA. 

LEGEND 

• Sortie operations 
— Automated operations 

(Tl)=HE-03-A, 0.75 m X-ray Teleseop'' (82-A), (85, 86, 88, 90, 91 - S). 

(T2)= HE-ll-A, 1.2 m X-ray Telescope (82, 84 - S), (83, 91 - A). 

(T3)=HE-01-A, Large X-ray Telescope Facility (1986). 

(T4)= HE-19-S, 1.2m X-ray Telescope (Sortie Mission in 1985, 1986, J990, 1991). 

A = Automated (free flyer) ; S = Sortie 
15. LEVEL OF STATE OF ART 


1. BASIC PHKSOMKNA OnSEIlVV D AND REPORTED. 

8. THEORY roUMULATED TO DESemUE PHENOMENA. 

3. ITTEOriY TKSIT 0 BY PllVSICA!. rAPEIlIMENT 

OR M.-nilEMATlCAL MOntL. 

4, PERTINENT FLKCTION OR CUAKACTEIUSTIC DEMONSTRATED, 

E,C., MATERIAL. COMPONENT, ETC. 


3, COMPONENT OR fU^EADIOARD TESTED IN RELEVANT 
ENMRONMEST IN THE UtlKDIUlORY. 

6. MODEL TESTED IN AiRCibUT ENVIRONMENT. 

7, MODEL TESTED IN S!\\CE ENMRONMENT. 

8, NEW CAPAllll.lTY DEPUTID FROM A MUCH LESSER 

OPERA! IONAL MODLL. 

9. RELlARfLI TY UPriilAUING OF AN OPERATIONAL MODEL. 
10. UKETIME extension OF AN Ol'L RATIONAL MODEL. 
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SENSOR REQUIREMENTS - X^RAY 
MAXIMUM SENSITIVITY DETECTOR 
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DEFINITION OF TECHNOLOGY REQUIREMENT 





TECHNOLOGY NEEDS — 
MAXIMUM SENSITIVETT DETECTOR 


ITEM 

CAPABILITY 

REQUIRED 

DETECTOR WIWDOW 
PASS BAWD (keV) 

0.1 TO 4 

DETECTOR WINDOW 
PROTON/ELECTROW LIMIT, 
(COUNTS/SEG■l\/^^^I2) 

3x lO’^ 

ANTICOINCIDENCE SHIELD 
SPURIOUS EVENT LIMIT 
(COUNTS/SEC-IViT?j2) 

10*^ 

TEMPERATURE CONTROL 
AT SELECTED TEMPERATURE 
IN RANGE 1.5 TO 1 0K 

+0.5 

CLOSED CYCLE REFRIGERATOR 
ENDURANCE (YR) 

2 

DETECTOR SENSITIVITY 
(COUNTS FOR 1,000 SEC) 

1 

























DEFINITION OF TECHNOLOGY REQUIREMENT NO. 0 -2. 8- 2 

1 . TECHNOLOGY REQUIREMENT (TITLE); X-ray Polarimeter PAGE 1 OF J_ 

Sensitivity; dimensional stability 

2. TECHNOLOGY CATEGORY; Sensors 

3. OBJECTIVE /ADVANCEMENT REQUIRED: Obtain polarization measurements up to 

1% (at least 3%> accuracy at selected spectral lines in 0, 1 to 4 keV spectral range (such 
as at 2. 62 keV) witii Oie pcdarimeter at focus of an X-ray telescope. 

4. CURRENT STATE OF ART: Estimated state of art is 10% polarization measurements in 

6 to 10 keV range with a flux of 2 x 10~^ photons sec~^ keV~^, 

HAS BEEN CARRIED TO LEVEL 

5. DESCRIPTION OF TECHNOLOGY 

Current conc^ts for an X-ray polarimeter at the focal point of an X-ray telescope indicate 
potential use of graphite, LiH, or similar materials in crystals for polarimeter s. When 
soft X-rays are reflected through JT/2 rad (90°) of a crystal lattice, only the polarization 
component normal to the incident and reflected rays contributes effectively to the output 
signal. A pi’oportional counter is in the direction of the polarized component oulput and 
polarization is detected by rotating the entire assembly around the telescope axis and meas- 
uring reflected power as a function of an^e. A polarized X-ray source will oulput a maxi- 
mum in the counting rate when the azimuthal angle is such that the plane of the incident 
X-ray crystal normal and reflected ray are perpendicular to the polarization of the incident 
ray. 


P/L REQUIREMENTS BASED ON: PRE-A.Q A,Q B,D C/D 

6. RATIONALE AND ANALYSIS; 

a. Within an X-ray telescope field of view of 1“, 1 to 3% polarization measurement accuracy 
capabLlliy, compatible with large X-ray telescopes, is desired to enable identification anc 
quantitative evaluation of synchrotron X-ray emission processes in the source examined. 

b. Payloads benefitting from the polarimeter development include: HE-19-S, Low Energy 
X-ray Telescope; HE-20-S, Energy X-ray Telescope; HE-ll-A, Large Hi^ 
Observatory D (1. 2m X-ray Telescope), and HE-Ol-A, Large X-ray Telescope Facility. 

c. The technology advancement to 1% focm current Coi,imated 10 % polarization measure- 
ment accuracy enables better estimates of X-ray source S 3 ?nchrotron emission process 
outputs. 

d. When 1 % polarimeters function in a ^ace equivalent environment to the accuracy desir- 
ed, this technology requirement is satisfied. 


PRECIilDING PAGE BLANK NOT FILMED 

TO BE CARRIED TO LEVEL 7 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. C- 2.3-2 

1. TECHNOLOGY REQUIREMENTfTITLEk X-ray Polarimeter PAGE 2 OF .a. 

Sensitivity; dlmenaional stability 

7. TECHNOLOGY OPTIONS: ^ 

Energy bands for X-ray polarimeters are cbosen to insure maximum Ukelihood of obtaining 
significant physical and cosmological insight into selected, spectral lines corresponding to 
materials and processes found in the source. Most of the current options for X-ray polari- 
meters involve selected crystals in symmetric slab format. The prevailing concept is 
based upon the fact that X-rays can be reflected thru 7T/2 rad (90°) by a crystal slab'With 
lattice planes oriented at 7T/4 rad (45°) to the telescope S 3 nnmetry axis. The reflected ray] 
contains only one polarization component which can be readout by a proportional counter 
array . 


S. TECHNICAL PROBLEMS; 

Secondary radiation around the X-ray telescope can give rise to polarization measurement 
errors. 


9. POTENTIAL ALTERNATIVES: 

A multichannel, asymmetric Bragg crystal spectrometer/polarimeter array, developed by 
R. Graham Bingham is reported to enable simulaneous spectrometry and hi^ precision 
polarimetry in selected energy channels. Each spectrometer/polarimeter consists of an 
X-ray concentrator/detector unit which could be cycled into the X-ray telescope beam. The 
method measures linear polarization by comparing counting rates of individual sectors of an 
X-ray sensor located at a collecting cone apex. 

10. PLANNED PROCmAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

a. W 74-70630 (188-41-59) X-ray Astronomy, ElihuBoldt, GSFC, Ph. (301) 982-58S3. 

b. W 74-70631 (188-41-59) X-ray Astronomy, N. G. Roman, Ph. (202) 755-3649. 

EXPECTED UNPERTURBED LEVEL ^ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

a. Symmetric nonpolarized X-ray telescope. 

b. Development of X-ray instrument mounts allowing rotation in a circle around X-ray 
telescope FOV center. 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO.C-2.3-2 


PAGE 3 OF 3 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) : X-ray Polarimeter 
Sensitivity; dimensional stability 


12. TECHNOLOGY REQUIREMENTS SCiHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1 . Parameiric Analysis 

2. Predesign & Fab, 

3. Test & Evaluution 
! 4. 

5. 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 


13. USAGE SCHEDULE: 



TECHNOLOGY NEED DATeI 


□ 


H 



■■ 

NUMBER OF LAUNCHES 








T2 


T1 TljTl 9 


14. REFERENCES: 

a. Final Report of Space Shuttle Payload Planning Working Groups, NASA/GSFC , May 

1973, pages A-1, -2, -4. 

b. Summarized NASA Payload Descriptions, Sortie Payloads, Level A Data, July 1974,' 
pages 112 - 115, 

c. Summarized NASA Payload Descriptions, Automated payloads. Level A Data, July 

1974. 

d. Payload Descriptions, Vol. I, Automated Payloads, Level B Data, NASA, July 1974. 
Legend 

T = Technology 

= Sortie Operations 
— = Automated Operations 
T1 = HE-19-S, Low Energy X-ray Telescope 
T2 - HE-20-S, High Energy X-ray Telescope 

T3 = HE-ll-A, Large High Energy Observatory D (1.2m X-ray Telescope) 

T4 = HE-Ol-A, Large X-ray Telescope Facility 

15. LEVEL OF STATE OF ART s. combonfntor aheadboard tested in relevant 

ENVIRONMENT IN THE LABORATORY. 

1. BASIC PHENOMENA OBSERVED AND HEPORTED. 6 , MODEL TESTED IN AIRCRAtT ENVIRONMENT* 

2. theory iOimuiATED TO DESCRIBE PliEKOMENA. 7, MODEL TESTED IN SPACE ENVIRONMENT. 

3* THEORY tested BY PHYSICAL EXPERIMENT 8, NEW CAPABILITY DERIVED FROM A MUCH LESSER 

OR MATHEMATICAL MODEL. OPERATIONAL MODEL. 

4. PERTINENT FUNCTION OR CRARACTERISTJC DEMONSTRATED, 9, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 

E.C.. MATERIAL, COMPONENT, ETC. 10. UFETLME EXTENSION OF AN Ol'LRATlONAL MODEL. 






DEFINITION OF TECHNOLOGY REQUIREMENT NO. C-2«4 

1 . TECHNOLOGY REQUIREMENT (TITLE) : Position Sensitive Propor- PAGE 1 OF 3 

tion Counter — Spectral resolution^ spatial resolution, transient measur ements 

2. TECHNOLOGY CATEGORY; Sensors 

3 . OBJECTIVE/ ADVANCEMENT REQTTTREn- Measure source sp ectra to 

spatial resolution to 0 . 2 mm and transients measured to 1 /xsec in spectral range to 

0 , 124 to 6,2 keV. 

CURRENT STATE OF ART; Spectral distribution to A/aA.~ Ij spatial distribution 
to 1 mm and transient measurement to 10 psecs, 

HAS BEEN CARRIE D TO LEVEL X. 

5. DESCRIPTION OF TECHNOLOGY 

Position sensitive proportional counters are intended for measurement of structure of 
dif&ise backgrounds and coronal of near by stars. Early position sensing proportional 
counter concepts include one using multianode resistive wire grids. The input signal 
components are measured by comparing the charge collected at the two ends of each wire. 
The orthogonal compon- ut is determined by the identily of the wire collecting the charge 
To get 10 arc sec resolution over a 1“ fields approximately 360 anode wires spaced 10 arc 
sec apart in an X-ray telescope field are required. Considerable electronics are required 
for anticoiaeidence, pulse height analysis, count per analyzer, position reporting, & 
event timing. 


P/L REQUIREMENTS BASED ON; H PRE -A, □ A,Q B,D C/D 

6 . RATIONALE AND ANALYSIS: 

a. Early position sensitive proportional counters have been designed. Advanced matrices 
wfll have more position sensing elements. Earlier telescopes did not have the resolu- 
tion of planned telescopes. 

b. HE-20-S, High Resolution X-Ray Telescope, HE-llA, 1 . Em X-Ray Tele- 
scope and HE-Ol-A, Large X-Ray Telescope Facility utilize the position 
sensing porportional counter. However two other types of telescopes corold ' 
utilize the position sensitive proportional counter if instruments are 
exchanged. 

% 

c. Flux and spectral distribution versus position and time could be obtained by the posi- 
tion sensitive proportional counter at input signal sensitivities approaching 10"8 Sco 
X-1 enabling quick mapping of a region. 

d. When a position sensitive proportional count r is used with a Large X-ray Telescope 

at sensitivities approaching 10"8 Sco X-1, the ultimate technology requirements will 
be satisfied- JlDw.ever initial test should be performed, in space. 


TO BE CARRIED TO LEVEL ^ 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. C-2.4 

1. TECHNOLOGY REQUIREM ENTf TITLED: Position Sensitive Propoi- PAGE 2 OF A 
tioual Counter Spectral resolution, spatial resolution^ transien t measurement 

7. TECHNOLOGY OPTIONS: 

Wire gi’id proportional counters may compete with solid state detector arrays complement- 
ed with microchannel plate circuits. Improved imaging devices compete or do better in 
spatial position but tend to lack spectral resolving ability. Proportional counters are best 
used in tiie 0. 1 to 30 keV region. The low energy end of the range is derermined primarily 
by the counter window while photoelectric efficiency determines the highest energy at which 
the counter can give useful information. An argon counter is best suited for 1 to 10 keV, 
propane or other gases are utilized for lower energy /ranges to enable quenching. 

It appears that a solid state alternate to Hie wire grid proportional counters 
will have a better transient response than the wire grid gas proportional counter 
type. 

8. TECHNICAL PROBLEMS: 

a. Gaseous wire grid instruments tend to have long collection times hence limiting 
timing accuracy. 

b. Solid state detectors used in arrays equivalent to proportional counters tend to 
have lesser spectral range than wire grid proportional counters. 


9. POTENTIAL ALTERNATIVES: 

a. Multisegmented solid state detector. 

b. Parallel plate proportional counter. (Stumpel, Sanford, and Goddard, Journal of 
Physics E, 6, 397, 1973. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RTOP: W74-70630 (188-41-59) X-ray Astronomy, Elihu Boldt, Ph (301) 982-5853, GSFC. 

EXPECTED UNPERTURBED LEVEL ^ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

a. Development of X-ray collectors (telescopes) for concentrating X-ray images on 
posiHon sensitive detector array. 
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DEFINITION OF xECIINOLOGY REQUIREMENT 


NO. C-Z.4 


1. TECHNOLOGY REQUIREMENT Position Sensitive Pro - PAGE 3 OF _3_ 

portion Counter - Spectral resolution, spatial resolution, transient measurements 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


TECHNOLOGY 

1. Trades & Analysis 

2. Design & Fab. 

3. Test & Evaluation 


APPLICATION 

1. Des:^n (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


T1 


T2i 


t 4 


13. USAGE SCHEDULE: 


“T 

TOTAL 


TECHNOLOGY NEED DATE 


NUMBER OP LAUNCHES 


T2l 


T3 


T2 


T1 


|T1 

CM 


T1 


T1 


T1 


14. REFERENCES: 

a. Final Report of S|pace Shuttle Payload Planning Worldng Groi^js, NASA/GSFC, May 

1973, pages A~l, -2, -4. 

b. Stmnnarized NASA Payload Descriptions, Sortie Payloads, Level A Data, July 1974, 
pages 112-115, 

o, Siunmarized NASA Payload Descriptions, Automated Payloads, Level A Data, July 

1974, 

d. Payload Descriptions, Vol, I, Automated Payloads, Level B Data, NASA, July 1974, 
Legend: 

T = Technology 
• := Sortie Operation 
— = Automated Operations 

T1 = HE-19-S, Low Ena:gy X-ray Telescope 
T2 = HE-20-S, High Energy X-ray Telescope 

T3 = HE-ll-A, Large High Energy Observatory D (1. 2m X-ray Telescope) 

T4 = HE-Ol-A, Large X-ray Telescope Facility 


15. LEVEL OP STATE OP ART 

1, BASIC PHENOMENA OBSERVED AND REPORTED. 

2. THEORY FOHMOlATED TO DESCRIBE PHENOMENA. 

3. THEORY TESTED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL. 

4, PERTINENT FIDICTION OR CHARACTERISTIC DEMONSTRATED, 
E.C., MATERIAL, COMPO.NENT, ETC. 


B. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

0. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7, MODEL TESTED IN SPACE ENVmOK.MENX. 

B, NEW CAPAHIUTY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

9, RELIABILITY OPGRADINC OF AN OPERATIONAL MODEL. 
10, LIFETIME EXTENSION OF AN Ol'ERATION.-U. MODEL. 


C ■>’ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. . 


1. TECHNOLOGY REQUIREMENT mTT.E\; Modulation Collimated Soin - PAGE 1 OF _3_ 
tillation Counters; Flux distribution, spatial resolution, transient measurement 

2. TECHNOLOGY CATEGORY: Sensors 

3 . OBJECTIVE /ADVANCEMENT REQUIRED; Modulation collimated scintillation counti nj 
in 20 to 30 keV rang e to 2 arc see resolution in field of view of 5X5°. A collector area 

greater iiian 10^ cm^ In a low background configuration is desired. 

4. CURRENT STATE OF ART: HEAP A has a modulation collimator of 10 arc seconds 

resolution under development by American Science and Engineering! Smithsonian 

Astrophyslcal Observatory, M. I. T . HAS BEEN CARRIED TO LEVEL 

5. DESCRIPTION OF TECHNOLOGY 

The scintillation counter with modified modulation collimators will need an improved 
modulation geometry and possibly temperature controlled grids. According to S. S. Holt, 
NASA GSFC, modulation collimators limit the field of view in either an integral or 
differential manner. An integral collimator cuts off the edges of the field of view and 
allows some response in the control field of view; integral collimators are good for 
angles >1/2 deg. Deferential modulation collimators provide better source locations. 
Differential modulation colUmators slice the field of view as well as limit the periphery 
of detector response to avoid other interfering sources. Hence, a given source may, 
within certain size and complexity limits be, mapped spatially as well as each spatial 
element categorized spectrally. 


P/L REQUIREMENTS BASED ON: B PRE-A,D A,D B,Q C/P 

6. RATIONALE AND ANALYSIS: 

a. An arra' of seven modules of 0. 5 m dia x 5 m long has been proposed with about 1 
meter of each unit consisting of the desired modulation collimators. A co Hector/ slat/ 
grid trade will provide highest collection efficiency and best coupling to scintillation 
counters. 

b. HE-ll-S, X-Ray Angular Structure, and HE-18-S, Gamma Ray Photometric studies 
are sortie payloads benefitting from this technology. 

c. The development of high resolution modulation coHimated scintillation arrays will 
enable imaging or determination of shape of extended X-ray sources, mapping of 
selected X-ray regions, and measurement of K and L absorption edges, 

d. Acceptable maturity level is test in a space equivalent environment. 


PRECEDING PAGE BLANK NOT FILM® 


TO BE CARRIED TO LEVEL 
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DEFmiTION OF TECHNOLOGY REQUIREMENT 


NO. C.2.5 


1. TECHNOLOGY REQinREMENTrTITLEU Modulation Collimated Scin- PAGE 2 OF ^ . 

tillation Counterst Flux distribution, spatial resolution, transient measurement 

j 7. TECHNOLOGY OPTIONS; 

Modulation collimators have been constructed of rectangular tubing, slats, wires, grids, * 
or combinations thereof. Wires and grids need to have collimating dimensions in the 
order of 0. 025 mm. Some of the collimators proposed would roll or oscillate over de- 
tector arrays or are fixed. The fixed configurations depend upon mount motion and spac- 
ing of scanning modes to give a relative motion effect between X-ray/gamma ray sources, 
modulation collimator, and detectors. The counting rate maxima and minima are then 
observed to define the source location to the order of arc seconds. Scintillators are 
expected to be used at energies in excess of 10 keV to detect flux and spectrum of X-ray 
sources versus spatial location. Pulse coxmtii^/energy measurement modes are con- 
templated. 


8. TECHNICAL PROBLEMS; 

a. Scintillators have poorer spectral (energy) resolution than do proportional counters but 
ml^ht be improved by use of sclntmator-avalanche diode combinations. 

b. Other than large collector scintillator cell areas shielded from interference by some 
forms of collimators, little can be done to concentrate or intercept enough of highex" 
energy X-ray photons. Observing times may be long, up to days. 


9. POTENTIAL ALTERNATR^S: 

a. Development of spatial detector arrays made of X-ray to light or electron converter 
elements + microchannel plates. (Silicon or pure germanium lithium drift process, 
or avalanche detectors + tunnel diode. ) 

b. Arrays of combinations of scintillator cells + silicon or GaAs photoeonductors. 

c. Scintillators with iso electronic dropouts (CdS with Te and ZnTe) or scintillators using 
Lanthanum ojgr sulfide & Gadolinium oxy sulfide activated with Ytterbium or CSrium. 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

a. W74-70630 (188-41-59), X-Ray Astronomy, NASA/GSFC, Ellhu A. Boldt (301) 982-5853, 

b. W74-70635 (188-41-S4), X-Ray Spectroscopy for Shuttle, NASA/GSFC, Elihu A. Boldt, 
(301)982-5853. 


expected UNPERTURBED LEVEL ^ 

11. RELATED TECHNOLOGY REQUIREMENTS; 


a. 

b. 


c. 


Itevelopment of scintillator and avalanche or photomultiplier detector combinatious. 
Combination of modulation collimator arrays and spatial detector (fast response) arrays 
in equivalent focusing (gating) modes as to obtain electronic scan and direction sensing 


ability. 

Precise slow scanning capabilities are needed for the instrument pointing system or 


stabilized platform to enable sufficient integration of X-ray photons per spatial and spec-1 
elem ent as well as aiHaimnent of the deafred spatial reRnlutiom 





DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C.2.5 




1, TECHNOLOGY REQUIREMENT fTITLE); Modolation Collimated PAGE 3 OF J3_ 
Scintillation Coimters, Flux distribution, spatial resolution, transient measurement 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Concepts Trades & Anal. 

2. Prototype Design & Fab 

3. Tests & Evaluation 

4. Redesign, Fab. & Test 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 



T2 T1 T2 Ti T2 T1 T2 T1 


14. REFERENCES: 

a. Summarized NASA Payload Descriptions, Sortie Payloads, July 1974, NASA/MSFC, 
page 96, 

b. Final Report of the Space Shuttle Payload Planning Working Groups, High Energy 
Astrophysics, May 1973, NASA/GSFC, pp. 36-37, A-11 to A-12. 

c. Introduction to Experimental Techniques of High-Energy Astrophysics, NASA 
SP-243, 1970, pp. 91-2. 

d. Materials for Radiation Detection, NMAB 287, January 1974, pages 47 through 78, 
Legend 

T: Technology 

= Automated Operations 
9 = Sortie Operations 

Tl = HE-ll-S, X-Ray Angular Structure 
T2 = HE-18-S, Gamma-Ray Photometric Studies 


15. LEVEL OF STATE OF ART 

« 1- BASIC PHENOMENA OBSERVED AND REPORTED. 

THEORY FOIH^IULATED TO DESCRIBE PHENOMENA, 

3. THEORY TESTED BY PHYSICAL EXPERIMENT 

OR ^UTHEMAtICAL. MODEL . 

4. PERTINENT FUNCTION OR characteristic DEMONSTRATED, 

E,C., MATERIAL, COMPONENT, ETC. 


6* COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LARORAIORY . 

G* MODEL TESTED LS AlRCRArX ENVIRONMENT. 

7, model TESTED IN SPACE ENVIRON WENT. 

8, NEW CAPAniLlTV DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

9, reliability upgrading of an operational models 

10. LTFETIME EXTENSION OF AN Ol'E RATION. A.L MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


GE ~2 . 6 


1. TECHNOLOGY REQUIREMENT (TITLE): CONVERTER/IMTENSIFIER PAGE 1 OF 

ASSEMBLY 

2. TEGHNnT.OGY CATEGORY: Sensor 

3. OBJECTIVE /ADVANCEMENT REQTTTHHrir Provide high resolution, variable F.O. V, 


sensor for energy ranee 0.3 to 1 KeV 



4. CURRENT STATE OF ART: Photon and charged particle imaging systems are avai l- 
able for soft X-rays within the energy range of interest. Resolution needs to be 


Increased for this application. HAS BEEN CARRIED TO LEVEL ^ 

5. DESCRH^TION OF TECHNOLOGY 

Imaging data of X-ray sources is required in the range 0.3 to 1 KeV, with a 
spatial resolution of 1024 x 1024 elements per frame, and 8 bits/element. Two 
selectable fields of view are required: 0.3° x 0.3° and 5° x 5°. Electronics 

must be capable of controlling, testing, converting, scaling, formatting the data 
to and from the X-ray telescope and converter/intensifier. 

The problem, of X-ray photon detection and localization can be divided into three 
functions — photoelectric conversion, charge amplification, and charge detection 
and localization. One component, such as a microchannel plate, may be used for 
more than one function, for example, photoconversion and charge amplification in 
this case. 

(Continued on page 2) 

P/L REQUIREMENTS BASED ON: i| PRE-A, Q A, Q B, Q G/D 

6. RATIONALE AND ANALYSIS: 

(a) The scientific, basis for this technology requirement is the need for data on 
the fine structure of X-ray sources, as defined by the Space Shuttle Payload 
Working Group in terms of the wide field X-Ray telescope payload, 

(b) The benefitting payload will be HE-03-A, 0. 76 meter X-Ray telescope. 

(c) More detailed perception of flux density and angular position will enable 
better identification of key characteristics and special features of soft 
x-ray sources. 

(d) This development should include the development of a prototype sensor model 
to be tested in a sounding rocket or small satellite survey mission. 


TO BE carried TO LEVEL X 


, . 7-81 
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DEFINITION OF TECHNOLOGY EEQUIREMENT NO, GE-.2.6 

1. TTi^nTrMnT.nrtv rtcqtttrtcmf.NT (TTTT.f.)? CONVERTER/INTENSIFIE Rpage 2 OF 4 
ASSEMBLY 


5. DESCRIPTION OF TECHNOLOGY (CONT'D) 

An important X-ray imaging device currently being developed is the negative electron 
affinity photocathode (VatiSpeybroeck, Kellogg, Murray, and Duckett, lEEE-Transaction 
on Nuclear Science NS21, 408, 1974), whicb theoretically should be a factor of 5 to 10 
times more efficient in the photoconversion process at 1 - 4 keV than currently observed, 
or theoretically expected from other photo-emitters, such as the walls of a Micro-clmnnel 
Plate. The photoelectron signal must then be amplified and detected. The microchannel 
plate del ices are suitable amplifiers, and the charge detector can be one of a number of 
devices, some of which are discussed in the paper by Lampton and Paresee which de- 
scribes the "Ranicon”. 

At least two charge detection schemes are being developed - one baaed on a sheet resistor 
such as in the "Ranicon"* - in which two dimensional charge diffusion occurs, and one 
based upon charge spHttiug techniques, in which each coordinate is determined independ- 
ently (charge diffusion occurs in two separate one dimensional devices). The best results 
obtained with the two dimensional devices are those of the University of Leicester group - 
or of about 18jx over an 18 mm field, or one part in 1000. This is to be compared with the 
Ranicon result of 1 - 2 Ip/mm limiting resolution, or cr= 400 to 200 m over a field of 4 cm, 
or one part in 100 - 200. The SAO HEAO-B group has achieved the best result obtained 
with the charge splitting technique (known to us) -<r of about 50 m , with, however, no 
practical intrinsic size limitation because systems easily can be operated in parallel to 
cover larger areas without boundary losses. This system performance also was obtained 
with a wide dynamic range of input amplitudes, which is required for one of the detectors 
being developed. This is possible because the fractional resolution needn’t be good. 

The French have developed a different approach, which consists of a multi-wire propor- 
tional counter containing an ionization chamber, A matrix of 30, 000 anode wires collects 
ions created by X-ray photons. Each anode is followed by an amplifier, trigger, counter, 
and memory. Readout of the memory can be effected 10 times per second. 


^Developed by Michael Lampton and Francesco Paresee, at Berkeley. 





DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. GE-2.6 


1. TECHNOLOGY REOTITREMEWTrTITLE^; GONVERTER/IMTENSIFIER PAGES OF _4 
ASSEMBLY 

7. TECHNOLOGY OPTIONS; 

(a) The pulse position determination method may involve options such as "successive 
digital approximation", dual slope integrator, leading edge rise time, etc. 

(b) Flat Plate Proportional Counter (Stumpel, et al) 


8. TECHNICAL PROBLEMS: 

The principal problem is attaining the high spatial resolution within the sen- 
sitivity limitations of the source. 


9. ..-'OTENTIAL ALTERNATIVES: . 

Should consider the Negative Electron Affinity Photocathode with a charge amplification 
stage and either the chai’ge splitting, separate coordinate determination or a sheet re- 
sistor charge detector. The micro channel plate and sheet resistor should be considered 
a potential alternative during the period required to develop the higher sensitivity device. 
Other potential alternatives also exist. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RTOP #188-41-59 - X-Ray Astronomy 

RTOP #188-41-64 - X-Ray Spectroscopy for Shuttle 

(NOTE: These are related efforts, not dealing directly with the requirements of 

this definition 

. EXPECTED UNPERTURBED LEVEL 5_ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

The possibility of using delay lines to scan large number of elements in the 
proportional counter has been investigated. This method has shown promise for 
low resolution one and two dimensional imaging. 





DEFINITION OF TECHNOLOGY REQUIEEMENT 


1. TECHNOLOGY REQUIREMENT (TTTT.E); GOHVERTER/IMTEHSIFIER PAGE 4 OF ^ 
ASSHaBLY 


12, TECHNOLOGY REQUIREMENTS SCHEDULE: 

calendar year 


SCHEDULE ITEM 


TECHNOLOGY 

1. Analyses 

2. Laboratory Tests 

3. Breadbo^d Tests 

4. Prototype Design 

5. Rocket Tests 


application 

1. Design (Ph. C) 

2 . Devl/Fab (PE. D) 

3. Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 





2 2 2 1 


12 2 17 


"The RAHICOK; A Resistive Anode linage Converter," by Michael Larapton and 
Francesco Paresce, Review of Scientific Instruments, Sept. 1974, 


15, LEVEL OF STATE OF ART 

1, BASIC. EmSNOMEHA OBSERVED ANnnEVOKTED, 

2, THEORY fOllMULATED TQ EESCiUBE PHENOMENA, 

3, THEORY TESTED BY PltYSICAL EXPERIMENT 

m &lATJlBaiATICAL MODEL. 

4* PERTINENT FUNCTION OR CIIARACTERISTIC 
E.G.,MATEiUAL» COMPONENT, BTC, 


s, ccwonekt or bheadboard test^h). in relevant 

ENVmONMBNT IN THE IABORATORY* 
a. MODEL TESTED IN AlRCnAFT ENVIRONMENT. 

7. MODEL TESTED IN SPACE= ENVIRONMENT- 
S, NEW CAPABLUITV DERIVED FROM A MUCH LESSER 
OPERATIONAL model, 

9 . RELIABILiTY UPGRADING OF AN OPERATIONAL JlODKL. 
Id, LIFETUrlE EXTENSION OF AN OPERATIONAL MODEL. 



















DEFmmON OF TECHNOLOGY RECJUIJiEMENT NO. C.2.7 

1. TECHNOLOGY REQUIREMENT (TITLE): Echelle Spectrograph PAGE 1 OF_£_ 

Spectral Resolution; Dimepslonal Stability; Imping detector sensltLyity 

2. TECHNOLOGY CATEGORY: Sensors 

3. O'B.TECTTVE/ATTyANC TCM T’.NT T^TT.QTfT RTCri. Speotral resolving powsr of 1Q5 in 120 to 
700 nm range; Echelle format for imaging efficiency; higher sensitivity detectors 


4. CURRENT STATE OF ART; A resolving power of 10^ has been achieved in the middl e 

UV per Space Optics, by Thompson St Shannon, NBS, 1974, pp. 319 

HAS BEEN CARRIED TO LEVeT",^ 

1.1. ■. — .I — -- - - — -- 

5. ).i ■'ASCRIPTION OF TECHNOLOGY: A modified echelle spectrograph/spectrometer 
(consisting of several instruments in one assembly) is desired to cover the 120 to 700 nm 
spectral range. Extension of UV coverage from 120 nm.to 90 nm is desired. The echelle 
arrangement allows a spectral band length (up to 10 meters long) to be read out in spectral 
strips folded like lines of type on a printed page. Each portion of the spectrometer has its 
own set of optics including predisperser, echelle grating, focusing mirror, and camera. 
The mirror, grating ratings, film or imaging device, and coatings are selected per 
spectral wavelength range. Detector sensitivity needs improvement to enable high resolu- 
tion spectrograms to be obtained at feinter source brightnesses. 


P/L REQUIREMENTS BASED ON; □ PRE-A.D A,[l B,n C/D 


6 . 


a. 


RATIONALE AND ANALYSIS: 

Echelle spectrometers have been used in aircraft (0*'Dell, in Lear Jet, etc) and in 
sounding rockets. Hence, an orderly history of development exists to provide a base 
technology, haterferometric techniques for ruling gratings as well as better ruling 
engines exist. 

b. The development of echelle spectrometers of high resolving power with sensitivity to 
reach moderate brightness stars would lead to use of these' instruments in AS-Ol-A, 
Large ^ace Telescope, AS-04-S, Im Diffraction Limited UV-Optical Telescope; AS- 
14-A, Im UV-Optical Telescope (1), SO-Ol-S, Dedicated Solar Sortie Mission (DSSM), 
;SO-02-A, Large Solar Observatory. The first tiiree are astronomy payloads, the last 
two are solar; some degree of commonality may exist, 

c. The echelle spectrographs enable attainment of complete spectral signatures of elements| 
emitting radiation in the sources examined as well as abiUty to identify and, in data re- 
duction, reject absorption lines of interspace clouds. Also they enable one to study narrow 
spectral lines and determine abundance in each cloud rather than integrated abundance 
along the line of sight. High resolution spectra of areas on the sun or of stars enable 

estimation of constituents in tiie area observed as well as measures of temperatures. 
Final test would occur on a shuttle sortie mission in conjunction with a Im telescope 
such as AS-04-S. An Aiies launched rocket fligh^wo]^ 
requirement. 


d. 


TO BE CARRIED TO LEVEL 8 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C.2.7 


1. TECHNOLOGY REQUUIEMENT(TITLE) ; E>-;helIe Spectrograph PAGE 2 OF i 

Spectral Resolution; Dimensional Stability; Imaging Detector Sensitivity 

7. TECHNOLOGY OPTIOl In spectrograph design analysis, a balance between param- 

eters such as spectral resolution, spectral range per exposure, field of view, and mechani- 
cal complexity is necessary. To obtain full resolution from the echelle spectrometer, each 
of the parameters may be driven to the state of art limit. Some idea of complexity may be 
seen from the following description. '*The main light beam, after passing through a slit is 
split spectrally into 3 light beams. Three predisperser gratings mounted on a platen which 
can be translated into indexed positions brin^ the appropriate predispersers into theLr oorres 
ponding light beams and the predl^erser collimates li^t from the slit into the proper 
echelle grating and restricts wavelengtti remaining to a sin^e order. ” Automatic align- 
ment and adjustment for each. of the spectral ranges may be possible. A higher sensitivity, 
lower noise level detector is desired for use with automated payloads. In sortie use, film 
is expected to be used. For applications to solar astronomy, detectors with very large 
d 3 mamic range will be needed. The primary discussion here dealt with astronomical echelle 
spectrographs. 

8. TECHNICAL PROBLEMS: 

a. Requires advances in coatings, particularly in the 200 to 120 nm range to avoid destruc- 
tive interference effects, 

b. It is easier to achieve the higher spectral resolution by increasing instrument size if 
adequate structural stability can be maintained; hence instrument size tends to grow. 

c. Stray light control. 

d. Grating fineness, uniformity, a- d df-,..*adation of reflecting surfaces. (Related work is 

going on at GSFC in development ; ; ler holographic gratings; the laser holographic 
gratings may be applicable over w ir - wavelength ranges. ) 

9. , POTENTIAL ALTERNATIVES: 

a. . A series of Fabry Perot spectromMors can be used to cover the total spectral range; 

however more instrument sections may be required. 

b, Fourier interferometers might be possible in the visible and UV ranges since stable 
laser references, better detectors and optics now exist. 

10, PLANNED PROC21AMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

a. W74-70619 (188-41-51), UV imd Optical Astronomy, GSFC, Albert Gobbess, (301) 
982-5103. 

b. W7 4-70627 (188-41-55), Ultraviolet Stellar Spectrometer Development, NASA/JSC, 

Y. Kondo, (714) 483-6461 . 

c. W7 4-706.34 (188-41-64), Astrom-. v Sor lie Instruments, NASA/GSFC, T. P, Strecher, 
(301) 982-4718. 

d. W74-70660 (188-78-56), Optical In-stcumentation - Image Tube Development, NASA, 
Washington, D. C., M. J. Aucremanne, (202) 755-3676. 

EXPECTED UNPERTURBED LE VEL 7 

11. RELATED TECHNOLOGY REQUIREMENTS: 

a. A telescope with an input angular resolution of 0. 1 arc sec is desired. 

b. Absolute pointb^ accuracy and vernier adjustment to 0.1 arc sec plus silt jaw 
equivalent monitor capability is desired. 
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DEFINITION OF TECHNOI.OGY REQUIREMENT 


NO, C.2.7 


.. TECHNOLOGY REQUIREMENT (TTTT.F); Eohelle SpectrograBh PAGE 3 OF _i. 

Spectral Resolution; Dimensi->nal Stability; Imaging detector sensitivity . 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


TECHNOLOGY: 

1. Trades & Analysis 

2. Imprvd. Model Des. & Fal|) 

3. Test & Evaluation 


APPLICATIONS: 

1. Design (Pli. C) 

2. Devel./Fab. (Ph. D) 

3. Operations 


T3i 

T2j 


o 


T1 

«ej 


w 


«• 


•« 

•• 


13. USAGE SCHEDULE: 


JTa . 


T4 


•• 

«• 


«• 

eo 


•• 

•« 


0 

00 

00 


S'0 

00 

0 


TECHNOLOGY NEED DATE 


Total 


NUMBER OP LAUNCHES 


14. REFERENCES: 


T2 

T3 


T5 

1T3 


T3 


,T1 2T1 
T2 |T5 T4 

I2T3 2TS3T3 


3T1 

2T3 


3T1 

T5 

13T3; 


|4T1 

T2 

^2T3 


3Tl; 

3T3i 


pi 

2T3 


ifTl 

3T3| 


56 


a. Large ^ace Telescope Phase A Final Report, Volume IV - Scientific Instrument Package 
Nasa TMX-64726, December 1972, MSFC, pp. 3-22 to 3-26. 

b. Summarized NASA Payload Descriptions, Sortie Payloads, July 1974, NASA/MSFC, 
pp. 34,120. 

c. Summarized NASA Payload Descriptions, Automated Payloads, July 1974, NASA/MSFC, 

pp. 22, 60. 

d. Orbital Astronomy Support Facility (OASP) Study, Volume H, Part 1, Douglas Missile 
and Space ^steins Division, DAC-58142, June 1968, p. 373. 

e. Large Space Telescope Optical Telescope Assembly/Seientific Instruments Phase B Defi - 
nition Study, Itek Optical Systems Division, Contract NAS8-29949, December 1973, 
LST-74-10, pages 6-14. 

f. Large Space Telescope Optical Telescope Assembly/Seientific Instruments Phase B Defi- 
nition Study, Itek Optical Systems Division, Contract NAS8-29949, January 1974, LST- 
74-27, pages 1-2 to 1-4. 

g. Orbital Astronomy Support Facility (OASF) Study, Vol. HI, Book 1, Douglas Missile and 
Space Itystems Division, DAC-58143, June 1968, pp, 143-45. 

h. Reference Earth Orbital Research and Applications Investigations (Blue Book), Vol. II - 
Astronomy, Jan. 1971, NASA NHB 7150.1, pp. 2-17 to 2-18, 3-17. 

Legend ; See page 4. 

15. LEVEL OF STATE OF ART 

1. Bi\51C PHE;.*0MEMA ODSEm'ED AKD REPOIITED. 

. TKEOIIV K011MV*ATED TO UKSCllIBE PllEKOMEI'-A. 

3. THEORY TESTED HV PHYSICAL ErCPEUlMENT 

OR ^UTHL'MAT^CAL MODEL, 

4. PHRTiNENT FUNCTION OR ClLAHACTEmSTIC OEMONSTRAT^D. 

E*G., MAT^ iUAL, COj’POSKNT, ETC. 


6. COMPONENT OR BREADBOARD TtCTED RELEVANT 
ENVIRONMENT IN THE LAllORAa*ORY. 
e* MODEL TESTED LN AlRCR.U-7 E-SVIRONMENT. 

T* MODEL TESTED iS SPACE EN\lRON?,SENT. 

8. NEW CAPAI^ILITY DERIVED FROM A MUCH liESSER 

operatio.sal model. 

9. RBLlABlLlTy UPGRADING OF AN OPERATIONAL MODEL- 
10. LIFETIME EXTENSION OF AN OPLIUTIONAL MODEL- 
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DEFINITION OF TECHNOLOGY llEQUIEEMEN T 


NO, 8 


, jT/i-uriii i OF 5 

1 . TECHNOLOGY 1H3QUIREMENT (TITLE) : VIS-IR Mappe r / Sensor As s embly (S EOS) , 
Improved Registration Accuracy; Instantaneous Field of View, Spectral Resolution 


2. TECHNOLOGY CATEGORY: Sensors 

3. OBJECTIVE/ ADVANCEMENT REQTTTRED; Improvement in angular (spatial) resolu- 
tion, detector coupling, and detector element pacldng density (angle to 3 prad). Con- 


4. CURRENT STATE OF ART: ' VSSR has effective angular resolution of 21 x 25 ] 

jurad in the visible portion of the spectrum and 14 prad in the parallel mirror *, 


thermal window. HAS BEEN CARRIED TO LEVEL 7 .. : 


5. DESCRIPTION OF TECHNOLOGY 

A multi- band visible light/lR sensor assembly is planned to be used at earth synchronous 
altitude to provide multispectral imaging of the earth. The IR assembly is coupled to a 
1,5 m telescope which collects IR image radiation components. Either linear mechani- 
cally scanned arrays or static image matrices will be used at the focal plane of the tele- 
scope. Angular resolution in the wavelength region between 0,5 to 15fmi varies 
from 0, 0027 mrad to 0. 14 mrad with poorer resolution at the longer wavelengths 
Desired ground resolution varies from 100 meters at 0, 5 jxm to 800 m at 15 gm. 
Up to 200 different channels, some narrow band imaging but some used in sets 
of spectral lines, to enable selective examination of each spatial sector in view 
of the synchronous orbit satellite are required. 


P/L REQUIREMENTS BASED ON: DPEE-A,!! A, □ B,^ C/D 


6. RATIONALE AND ANALYSIS: 

a. Linear mechanically scanned arrays have been used on aircraft and some spacecraft. 
Equivalent static imaging matrices in the form of visible light and near IR image tubes 
have been used. However, a ground image resolution of lOO to 1500 m is desired with 
the multispectral imaging sensor in 35, 870 1cm orbit which will require more detector 
elements in imaging arrays. Angular resolution of 4. 85 prad (1 arc sec) have been 
achieved in the visible li^t region by astronomical telescopes. GSFC is applying light 
weight astronomy telescope techniques to solving the synchronous orbit earth observa- 
tion problem. 

b. EO-09-A, Sjmchronous Earth Observatory Satellite,' EO-57-A Foreign Synchronous 
Meteorological Satellite, EO-59-A Geosynchronous ERB and EO-62-A Foreign Syn- 
chronous EOS will benefit from improvement in angular resolution, detector coupling, 
and detector packing density. 

(Continued on Page 2) 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C.2.8 


1 . TECHNOLOGY REQUIREMENT mTLB): VIS-IR Mapper /Sensor PAGE 2 OF 5 
Asserp.bly (SEOS), Improved Registration. Accuracy; Instantaneous Field of 
View, Spectral Resolution 

: 6, RATIONALE AND ANALYSIS; (Continued) 

c. The technology improvement will enable improved payload performance in 
obtaining meteorological (flood* storm, freeze, fog, pollution), ocean- 
i ographic, land use, natural resources, and agricidtural data. Changes and 
trends are more readily observed from a geostationary satellite. The initial 
satellite will enable earth observation technology development as well as 
useful observations. Later, a set of three applications satellites can provide 
■ random access observation of tiie whole populated earth. 

j d. Because of multiple needs of many groups and the limited launch capability 
to. synchronous orbit, the resrdtant compromise SEOS Sensor Assembly will 
need to receive its final test in orbit. Earlier tests in the laboratory 
together with corrective action will be needed to. develop the desired per- 
: formance. 


7. TECHNOLOGfY OPTIONS: The objectives of best spatial and spectral reso- 

lution per earth surface and atmospheric location element for each spectral 
region capable of yielding chemical and physical charactex’istics information 
result in a large number of tradeable options. The location of the observing 
sateHite at earth synchronous altitude enables an instantaneous view of about 
a 17 degree diameter area of the earth and the surrounding atmosphere. If the 
whole area were viewed by an imaging sensor at one selected wavelength band 
at best desired resolution about 2. 94 x 10® spatial elements would need to be 
es;amined. Hence each circular frame would require many gigabits of data 
per frame. Since up to 200 spectral bandwidths need to be examined essen- 
tially simultaneous to a radiometer accuracy of at least 1%, most of the SEOS 
sense, i: options consider less than the total available field of view. 

A compromise SEOS sensor assembly might cover a field of view of 0. 5 x 
0.. 5°' (1800 X 1800 arc seconds) with an instantaneous field of view of 0. 003 
milli^a-*! or better with the observation telescope output image being imaged 
at any 4 or 5 spectral bands out of 24 to 200 bands at one time. The telescope 
would be capable of being pointed to any 0. yby 0. 5° sector within the aurfece 
area of the 17® diam.et&r earth scene available by chreoi. lii e eight ferom synchronous 
altitude. v 

Body pointing of a narrow field, telescope versus selection of part of the 
field of view of a wider field telescope needs to be considered in trade studies 
as well as from a state of art viewpoint. A wide field telescope could observe 
the whole earth's surface at one time; auxiliary switchable optics could select 
a.ny desired sector more quicldy than slewing the telescope, 

(Continued on Page 3). 
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DEFINITION OF TECimOLOGY EEQUIREMENT 


NO. -2.8 


1. TECHNOLOGY HEQUIREMENT (TITLE); .yiS.~IR,Maj3oer /Sensor, PAGE 3 OF ^ 

Assembly (SEOS), Improved Registration Accuracy; Instantaneous 

Field of VieW) Spectral Resolution 

7. TECHNOLOGY OPTIONS: (Continued) 

Major options needing trade analysis and research are those involved in 
development of an advanced multiple band selector process that would enable 
simultaneous imaging in up to 5 spectral bands selected from a total of 
24 to 200 spectral bands. A dynamic range better than 256 with a radiometric 
accuracy of better than 1% per spatial resolution element is desired. Area 
and spectral band selection flexibility should predominate in these analyses. 

To satisfy the need for random spatial and spectral access anywhere 
within line of eight of a SEOS, careful coaiside ration of all detector config- 
uration options is necessary. Scanned linear arrays versus static multi- 
spectral imaging arrays and the role of tunable imaging filters need research, 
particularly where a number of images at a number of selectable spectral 
bands needs to be acquired at the same time. 

Up to 40, 000 detectors per linear array and up to 5 linear arrays in a 
push broom configuration might be possible; imaging arr&^ys may grow from 
0, 262 million image elements to 400 million image elements per spectral 
band. 


I 



DEFINITION OF TECHNOLOGY HEQUIREMENT 


NO, C.2.8 


1 . TECHNOLO GY REQUmEMENT(TITLE) : VIS-IR Mapper/ Sensor PA GE 4 OF_S 

Assembly (SEOS), Improved Registration. Accuracyj Instantaneous Field 
of View, Spectral Resolution 

8. TECHNICAL PROBLEMS; 

a. High array density and high transfer efficiency. 

b. Noise due to slow response of high density detector arrays. 

c. Trade between mechanically scanning multiple linear detector arrays and 
static IR imaging devices. 

d. Image indexing to 0. 1 to 0. 5 resolution element; landmark recognition to 
supplement stellar refei’encing. 

e. Insufficient radiance per band for small spatial surface elements. 

f. Weight delivery to synchronous orbit is limited. 

g. Scattered light and stray light suppression. 

h. Direct solar radiation suppression. 

i. Calibratioii accuracy of 1% over large, multielement detector arrays. 

j. Cooling for IR detectors. 


9. POTENTIAL ALTERNATIVES; 

a. Far infrared vidicons with filters for some of the bands. 

b. Pyroelectric vidicon in place of cooled detector arrays. 

c. Silicon charge- coupled devices (has problem of loss of incoming signal 
at high input levels). 

d. Cluster of telescopes each with sets of sensors to cover each sector, 

10 . PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

a. W74-7048S (177-22-41), Visible and IR Sensors Subsystems, NASA/GSFC, 
Harvey Ostrow, (301) 982-4107. 

b. W74-704S9 (177-22-81), Visible-Infrared Sensor System Technology 
Development, NASA/JSC, Richard R. Richard, (713) 483-4661. 

EXPECTED UNPERTURBED LEVEL 1 _ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

a. Stabilization of input by 1 to 1. 5m telescope used for observing tlie earth. 

b. Efficient coupling of visible and IR radiation to linear or matrix detector 
array. , 

c. Light weight temperature insensitive telescope optics. 

d. On board data correlation and processing versus multiple wideband 
communication links from synchronous orbit satellite to a dedicated 
earth based communication terminal. 






DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-2. 8 


1. TECHNOLOGY REQUIREMENT mTT.E)!VIS-IR Mapper/ Sensor — PAGE 5 OF 
Assembly (SEOS), Improved Registration Accuracy; Instantaneous 
Field of VievsT, Spectral Resolution ■ 


12, TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 75 76 


TECHNOLOGY 

1, Options & Parametric 
Analysis 

2, Design imaging sensor 

3, Construct model 

4, Test model 


APPLICATION 

1. Design (Pb. C) 

2. Devl/Fab {Pb. D) 

3. Operallons 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 



||||||||j||IQ 


Total 


14. REFERENCES: 


T4 2T4 T4 


a. Summarized NASA Payload Descriptions, Automated Payloads, July 1974, NASA/ 
MSFG, pp, 84, 92, 96, 100. 

b. Payload Descriptions, Vol. 1, Automated Payloads, Level B Data, July 1974, . 
NASA/MSFC, pp. 5-24, 5-78. 

c. Advanced Scanners and Imaging Systems fcr Eartb Observations, December 1972, 
NASA SP-335, pp. 71-180. 

d. Comments, R. F. Htimmer, Santa Ba^rbara Research Center, 31 Dec. 1974. 
Legend; 

— Automated Operations 
T Technology 

T1 = EO-09-A, Synchronous Earth Obseivatory Satellite 
T2 = EO-57-A, Foreign Synchronous Met, Sat, 

T3 = EO-59-A| Geosynchronous ERS 
T4 = EO-62-A, Foreign Synchronous EOS 


16. LEl'EL OF STATE OF ART 


X. MSIC PHKN'OMENA OaSEIlNTD AND REPORTED* 

2. T’l!EORY POUMUIAtED TO DESClUfiE PHENOMENA. 

3. T2IEOIIY TESi’ED BY iniYSICAL nXPEJUMENt 

OR MATHEMATICAL MODEL, 

4i PERTINrvT KCNCI ION OR CHAiUCTERISTIC DEMONSTRATED* 
BiG*, MATERIAL, COMl'OSEVr, ETC* 


5. . COMPONENT OR BREADBOARD TESTED IN RELEVANT 
jBKVIRONMENT IM THE lAlWRATORY, 

6. MODEL TESTED IN AlRClLViT ENVIRONMENT, 

7* MODEL TESTED IN SPACE ENVIRONMENT, 
a. NEW CAPABILITY DERU'ED FROM A MUCH LESSER 
OPERAIIONAL MODEL, 

g* RBLLARILITY UPGRAUiNG OF AN OPE R*\TIONAL MODEL. 
10* LIFETIME EXTENSION OF .\N omiATtONAL MODEL* 















DEFINITION OP TECHNOLOGY REQUIREMENT NO. ^^>9 

1. TECHNOLOGY REQUIREMENT (TITLED Advanced Thematic Mapper PAGE 1 OF 3_ 

Registration Accuracy 

2. TECHNOLOGY CATEGORY: Sensors 

3. ORJECTTVE / ADVAwn n^MTCW T HF.QTTTHFD- Registration accuracy within 0 . 3 picture 
element (pixel). Precise correlation of multispectral data to a single picture element. 


4. CURRENT STATE OF ART; Registration accuracy is witMn 3 pixels. 


HAS BEEN CARRIED TO LEVEL 

5. DESCRIPTION OP TECHNOLOGY; Mapping is required to identify terrestrial fea- 
tures for map maldng, land use planning, hydrological and agriculture purposes with 10 
to 30 m resolution. The advanced thematic mapper may have 7 to 12 spectral bands. 

The detector oidput for each band must be enable of being registered within 0.1 pixel 
with the output of any other detector. This requires sampling the output of all detectors 
systematically and keeping the resultant data as a recognizable set. Also, the output of 
a side looking radar must be registered with the thematic mapper outputs within a single > 
picture element. In. addition, images need to be registered accurately from pass to pass 
over the same ground area. Landmark references are needed to enable r^istration of 
image outputs. Stellar referencing helps if correlated with landmark references. 


P/L REQUIREMENTS BASED ON; HlPRE-AjD A,D B,D C/D 

6. RATIONALE AND ANALYSIS: 

a. Registration of data from detectors associated with the separate bands of an IE Scanner 
can be achieved easily by sampling all detector outputs at the same time. Registering 
IR searmer data with that of another instrument{the side looMng radar) is much more 
difficult. 

b. Benefitting payloads are: EO-08-A, Earth Observatory Satellite, EO-61-A, Earth 
Resources Survey Operational Sat. , OP-02-S, Multifrequency Radar Land Imagery, 
OP-OS-S, Multispectral Scanning Imagery. 

c. Accurate multispectral image registration will allow more effective land use deter- 
mination for planning purposes. 

d. Technology objectives can be demonstrated by flying a model of the instruments in an 
aircraft. 


TO BE CARRIED TO LEVEL ^ 

7-95 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. C2.9 

1. TECHNOLOGY REQUIREMENTfTITLE^ ! Thematic Mapper (Advanced) PAGE 2 OF 3 
Registration Accuracy 

7. TECHNOLOGY OPTIONS: Registration witMn one instrument between images in differ- 
ent spectral bands can be achieved by sampling aU detectors concurrently. Registering 
images from different instruments requires very accurate alignment and synchronization in 
poinfing angle and time of recording data. Seven to 12 spectrsd bands in the range from 0.5 
to 15 pm are expected. One can obtain both Mgh resolution and high sensitivity for a given 
collector size by scanning several lines in parallel. 


The high resolution requires a small I FOV which means the detector must be very sensi- 
tive but response time must also be sufficient for the scanning rate. There is a tradeoff 

between spatial resolution and IR input temperature sensitivity (higher resolution reduces 
Hq>naitivitvL An accurate calibration source should be provided for the IR scanner. 

8. TECHNICAL PROBLEMS: 

a. Accurate optical alignment of separate instruments. 

b. High resolution requires small I J'OV and high detector sensitiviiy. 

(Ideally collector size is determined by the resolution requirements and detector sensi- 
tivity. ) 

c. Detector response time may be a problem at high scan rates, 

d. High data rates and large amount of total data. 

9. POTENTIAL ALTERNATIVES; 

a. Accurately record pointing angles with data and register images by postflight computer 
processing. Use landmark recognition as well as stellar references. 

b. Build sir^le instrument with accurately controlled FOVs for IR and radar. However, 
radar and scanner geometry is different. 

c. Use reference such as a laser beam pointed by radar and identifiable in IR image feom 
reference beacons. 

d. Use of laser heterodyne radiometry. 

ID. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; v 

|a. W74-70488 (177-22-4), Visible and IR Sensors Subsystems, NASA/GSFC, Harvey Ostrowj 
(301) 982-4107. i 

b. W74-70489 (177-22-81) , Visible-Infrared Sensor Ifystem Technology Development, NASA/ 
JSC, Richard R. Richard, (713) 483-4661. 

■ EXPECTED UNPERTU RBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

a. Develop a high resolution thematic mapper, 

b. Develop a high resolution side looking radar. 

c. Resolve onboard data correlation and processii^ versus communication relay IMc (TDRS) 
data problem. 
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DEFINITION OF TECHNCi^OGY REQUIREMENT 


NO. 02. 9 


1. TECIINOLOGY REQUIREMENT fTITLE^: Advanced Thematic Mapp e^PAGE 3 OF A 
Registration Accuracy — 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 


SCHEDULE ITEM 


Technology: 

1. Options & Parana. Analysis 

2. Design Model 

3. Build Model 

i- Test Model & Evaluate 


pplication: 

1. Design (Phase C) 

2. Devel. /Fab. (Phase D) 

3. Operations 


13. USAGE SCHEDULE; 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 



2 66 6 5 4 3 4 6 5 6 3 4 


14. REFERENCES; 

i. Summarized NASA Payload Descriptions, Automated Payloads, Level A Data, July 1974, 
NASA/MSFC. 

b. Summarized NASA Payload Descriptions, Sortie Payloads, Level A Data, July 1974, 
NASA/MSFC. 

c. Earth Resources Payload for the Spacelab, MBB-ERP 73/02, Dec. 1973, pp, 114-17. 

d. Comments from H. Tavares, Honeywell Radiation Center, Lexington, Mass., 30 Dec. 
1974. 

e. Comments, R. F. Hummer, Santa Barbara Research Center, 31 Dec. 1974. 


Legend; 

T Technology 
• Sortie Operations 

Automated 'Operations 

T1=EO-08-A, Earth Observatory Satellite 
T2=EO-6l-A, Earth Resources Survey Operational Sat. 
T3OP-02-S, Multifrequency Radar Land Imagery 
T4?OP-05-S, Multispectral Scanning Imagery 


15. LEVEL OF STATE OP ART 


1. BASIC PHESOMENA 0DSEIIVI:D AND REPORTED. 

2. THEORY roilMULATED TO DESCRIBE PHENOMENA. 

3. THEORY tested BY PHYSICAL EXPEIUMENT 

OR .M.ATHEMAT1CAL MODEL, 

4. PERTINENT EUNCTION OR CILVHACTERISTIC DEMONSTRATED, 

E.C., MATERIAL, COMPONENT, ETC. 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIROKMENT IN THE LABORATORY. 

0. MODEL tested IS AlRCRjUT ENVIRON.MENT. 

7, MODEL tested IS SI».\CE ENVIRONMENT . 

8, HEW CAPABILITY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL* 

9* RELlAniLITY UPGRiVDING OF AN OPERATIONAL MODEL^ 
10* LIFETIME EXTENSION OF AN OPEItATlONA l MQDKL- 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 TECHNOT.OGY REQUIREMENT ^TTTT.E);‘ V1S~IR Mapper, Lumines- PAGE 1 OF _3_ 
peace Mapper — Coastal zone fluorescence measurement vidtli scanning spectral 

, Sensors 

j a. OBJECTiVE/ADVANCE ivfE NT REQUr RED ? Measure reflectance and emission spectr a 
I in the visible region to shi^e Fijaunhofer lines; attain image resolution of 100 to 300m 


in ±22. 5“ swath widths from altitudes up to 1695 km. 


4. CURRENT STATE OF ART; At present spectral resolution gpod to one Fraunhofer 


line in a wide an^e scanning instrument has not been attained but hi^ potential exists. 


HAS BEEN CARRIED TO LEVEL 


5, DESCRTl^TION OF TECHNOLOGY 

Promising development in the :Keld of luminescence mapping appears feasible with new 
instruments that malce measurements within several "sin^e" Fraunhofer lines and may 
push ihe "state of art" sensor development. The effective instantaneous field of view ^ 
(EIFOV) desired in the ocean coastal environment is between 3 and 300 meters. In generalj 
the use of ocean color to monitor currents, biological, and ecological features requires 
high sun elevation an^es and a scan that looks away from the sunside of the spacecraft. A 
sensor system capable of obseirving the oceans up to 20 deg away from nadir enhances 
contrast of ocean features at space altitude. Up to 3 Fraunhofer lines in the IR and 6 
lines in the visible UV portion of the spectmm appear amenable. 


P/L REQUIREMENTS BASED ON; U PRE-A.Q A,Q B.Q C/D 


6. RATIONALE AND ANALYSIS; 

a. The information extracted from scanner data is in the spatial, spectral, and temporal 
distribution of radiation from an ocean scene. For the most part, attention has been 
given to improving spatial resolution. More recently considerable attention has been 
given to spectral distribution and automatic classification based on the spectral infor- 
mation from the scene. Finally the advanced ocean soanring spectrometer developed 
will be a resolution multispectral scanner with ability to observe a given ocean 

! area periodically, 

b. The l umin escence mapper is planned to be used as part of EO-56-A, Savironmental 
MonxtosAig Satellite. 

c. The desired performance wiU enable better sensmg and application of ocean fiuores- 
cenee components to detect, identijfy, and measure oharacteristies of river and ocean 
poEutants. 

d. Technology requirements will be satisfied vhea a lumineseoice scanner is tested in a 
high altitude aircraft flight. 

TO BE CARRIED TO LEVEL 6 


PRECEDING PAGE BIANK NOT FILMED 







DEFINITION OF TECHNOLOGY HEQUIEEMENT NO. C-2.10 

1. TECHNOLOGY BEQUmEMENTrTITLE^ : Mapper, PAGE 2 OF _3 

cence JHapper Coast^ ssone Huorescence measui'ement mtli gcamiing spQctral radio- 




7. TECHNOLOGY OPTIONS: 

^ectral aad spatial resolutioa, sigaal to noise, and ocean surface fluorescenee are para- 
meters directly related to identifiabilily.. Observation parameters such, as observaticm 
an^e, polarization fespectral bands need to be optimized. Narrow band filters at each of 
several Fraunbofei lines are needed to pass tbe instantaneous image of a set of ocean 
scanning optics to a pboto multiplier or an imaging sensor. Trades between integratiag 
image sensors, such as a vidicon, and scanned detector elements, such as avalanche diodes or 
charged coi^pled arrays, need to be made. Of course, depending upon the scanning optics, 
rotating or push broom linear arrays (one filter and a sin^e Fraunhofer line per line of 
detectors) may be used. 


8. TECHNICAL PROBLEMS; 

a. Rapid scanning imposes high sensitivity requirements on the instrument des^ 
including use of better detectors, 

b. Design of a Fabry Perot (<1^) Slter at each Fraunhofer line. 

c. Optical scatter reduction, 

d. Development of a catalog of fluorescence signatures enabling idenfification of pollutants 
and a measure of abundaace of each pollutant. 

,e. Detector response. 

f. photomultipUer limiting noise. 

g. Cooling photocathode to increase sensitivity. ^ 

9. POTENTIAL ALTERNATIVES: 

a. Comparisons of signatime data obtained by thermal 3R, microwaye sensors, and 
synthetic aperture radar to identify poButants, 

;b. Multispectr^ Scanner (0,4-0. 5 |im, 0. 8^0, 9 3. 5-r4, 0 ^, 5-7 ju?n» 8-14, 5 jum, eto). 

! ... _ 

10. PLANNED PROGRAMS OR UNRERTDRBED TECHNOIOGY ADVANCEMENT: 

RTQP W74-70545 (177-55-61) Physical Oceanography and Coasts Processes, including 
Marme Disaster, d. p, Qberholtzer (703-824?-34ll) 

EXPECTED UNPE RTURBED LEVEL ^ 

11. lUSLATED TECHNOLOGY REQUIREMENTS: 

a. Detectors Gompafible witli Fraunhofer line measurement devices, 

b. Narrow band image pass fitters such as Fabry Perot. 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-2..10 


X. TECHNOLOGY REQUIREMENT (TTTLE); V^S-IR Mapper, Lmnineg- PAGE 3 OF A 
cenoe Mapper Coastal zone fluorescence measurement TOth scanning spectral 


12, TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 75 76 


TECHNOLOGY 

1. Parametric Analyses 

2. Selection of Detectors 

3. Assembly of Test Model 

4. Might Test (HtAltitude 
Aircraft) 


APPLICATION 

1, Design (Phase 0) 

2, Devel/Fab (Phase D) 

3, Operations 


13. USAGE SCHEDULE: 


TECH START DATE 


TECHNOLOGY NEED DATE 


N0I4BER OB' LAUNCHES 


14. REFERENCES; 

a. Summarized NASA Payload Descriptions, Level A Data, July 1974, 

b. Advanced Scanners and Imaging Systems for Earth Observations, NASA SP-335, 

Dec 11-15, 1972, pages 15, 28, 32, 65, 244, 448. 

o. J. A. Plascyk, Advanced Prototype Fraunhofer Line Discriminator, PerMn 
Mmer Report 1077A. 

d. Comments, R. F. Hummer, Santa Barbara Research Center, Goleta, CA^, 31 Dec. 
1974. 





15. LE VEL O F STATE OF ART 

1. 32ASIC PHENOMENA OESEHVED AND REPORTED, 

2. THEORY FORMULATED TO DESCRIBE PliENOMEHA* 

3. THEORY TESl'ED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL. 

4. PERTINENT FUNCTION OR CiLARACTElUSTiC DEMONSTRATED^ 

MATERLVL, COMPONENT, ETC. 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABORAT-OP.Y. 

6. model TESTED IN AinCILUT ENVIRONMENT, 

7* MODEL TESTED JN SPACE ENVIRONMENT. 

B. NEW CAPABILITY DERUTID FROM A MUCH LESSEE 
OPERATIONAL MODEL . 

9* RELIABILITY’ UPGRADING OF AN OPERATIONAL MODEL, 
10. lifetime extension OF AN OPERATIONAL MQDtX* 












DEFmiTION OF TECIiNOLOGY REQUIUEMENT 


NO. C-2. 11 


1. TECHNOLOGY REQUIREMENT (TITLE) : VIS-IR Mapper for Coastal pAGE 1 OF 3 
•Zone Qoeaj.iogra.pb.yj Regi stration accuracy, IFOV reduction, spectral resolution 

2. TECHNOLOGY CATEGORY: Sensors 

3 . OBJECTIVE/ advancement REOTTTRED; Spectral data in 3 to 5 bands per spatial 
resolution element of 10m and 75m, (Development of technology enabling better coastal 

oceanography. ) 

4. CURRENT STATE OF ART; A resolution of 90m was obtained on Sliylab; ERTS MSS 

achieved 75m spatial r esolution w ith 4 spectral bands (0. 5 to 1. 1 jum) 

HAS BEEN CARRIED TO LEVEL 7 

5. DESCRIPTION OF TECHNOLOGY 

The dual mul'taspectral scanners (one with 10m ground resolution and the other with 75m 
resolution). The multispectral line scanners are used for coastal zone oceanography. 

Two scanners use various combinations of spectral bands, spatial resolution and field of 
view. The scanning section has an object plane scanner to take the load off the optical 
system and place it on a scanning system sequencing a narrow field of view across the 
ground trace of the flight path. Both a narrow field and wide field of view may be imple- 
mented on the same scanner assembly. 


P/L REQUIREMENTS BASED ON; g) PRE -A, □ A, □ B,D C/D 

6. RATIONALE AND ANALYSIS; 

a. Rationale; Special oceanographic multifield of view scanner capable of spectral signa- 
tures appear feasible with some improvement in state of art in scanning, detectors, 
and data processing, 

b. Benefitting Payloads; ST-22-S, ATL Payload No, 3 (Module + Pallet ) 

c. Justification: The purpose of the payload to demonstrate continually improved multi- 
spectral line scanner technology as well as other technologies can be satisfied by the 
technology development. Applications to continual improvement of other multispectral 
scanners are possible. 

d. Technology Achievement Criterion; This technology development is satisfied for each 
successively improved multispectral time scanner by shuttle sortie flight test in orbit 
as per ST-22-S. Initial technology verification could be performed in a high altitude 
aircraft prior to demonstration in space. This advancement is a new capability based 
on an operational model wl-ili lower resolution capability, hence level 8. 


, TO BE CARRIED TO J.EVEL- _8 

PAGE Bum HOT 


HT,Ked 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-2»ll 

1. technology REQUIREMENT(TITLE): VIS-IR Mapper for Coastal page 2 OF .3. 

Zone Oceanogcaphy; Registration accuracy, IFOV reduction, speotral resolution 

7 . TECHNOLOGY OPTIONS: 

WlUle a four side wedge scanner may be used for 2 fields of view as a scanning device 
coupled into an all reflective Schmidt telescope, a Kennedy split field optical system is 
better. A reflecting polygon or a reverse polygon may be used. For limited spectral 
coverage, a refractive polygon with a rotating plane parallel plate is applicable. Other 
combinations with refractive wedges and Nipkow scanning devices also are possible. The 
S-192 multispectral scanner with a rotating pair of tilted mirrors in conjunction with 
their on-axis all-reflective Schmidt was used on Slq^lab. A Pftmd type folding flat used 
with a spherical collector (U of Ariz) theoretically could provide 10 arc sec resolution 
over a 22 deg field of view. The Nipkow disk, refractive polygons, and wedges apparently 
cannot achieve 2.9 arc secs (lOm resolution at 717 km). The only class of scanner tliat 
can meet the requirement appears to be an object space plane scan mirror with a highly 
corrected telescope worldng essentially on axis (such as in ERTS-1 MSS) . 

S". TECHNICAL PROBLEMS; ] 

a. A multifield of view with two resolutions (greater signal at larger spatial resolution) 
needs to be indexed or correlated in registration at each of the spectral bands selected 
for oceanographic signatures. 

b* Major problems include optical resolution, method of scanning, spatial registration 
(scan linearity, jitter, cross axis motion, position reference) accurate calibration, 
data rate, and sufficiently sensitive detectors. 

9. POTENTIAL ALTERNATIVES: 

a. Electron beam imagers (extended to IR, coupled to wide field optics). 

b. Solid State Sensor Arrays (self scanned, coupled to wide field all reflective optics). 

c. Image Dissector Tube. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENTi 
RTOP W74-70546 (177-55-61) Physical Oceanography and Coastal Processes, including 
Marine Disasters „TJD. Oberhaitzer (703-824-3411) 


EXPECTED UNPERTURBED LEVEL X 

11. related TECHNOLOGY REQUIREMENTS; 

a. Output data rates up to 50 Mbps 

b. Correction Tables: Correction versus altitude and angle from nadir, 

c. Sensor Data System Hardware and Software (NASA SP335, page 418 to 565) 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-2. 11 


1. TECHNOLOGY REQUIREMENT (TTTT.E); VIS-IR Mappe r for Coastal PAGE 3 OF _S — 
Zone Oceanograpiiyj Registratioii accuracy, IFOV reduction, spectral resolution 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1, Options & Parametric — 

2, Design Optical System 

3, Assemble worldng model — 

4, Test in space on sortie 
flight (initial test in aircraft) 


APPLICATION (Integration) 

1, System Design Phase C 

2, Devel/Fab 

3, Operations 


13. USAGE SCHEDULE: • 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14, REFERENCES; 

a. Advanced Scanners aud Imaging Systems, Dee 11- 15, 1972, NASA SP-335, pages 148 to 
179, 183 to 301, 305 to 409. 

b. PreliminaaTy Summarized NASA Payload Descriptions, Sortie Payloads, Level A Data, 
July 1974. 

G. Comments, R. F. Hummer, Santa Barbara Research Center, Goleta, CA, 31 Dec. 1974. 







TOTAL 


15. LEVEL OF STATE OF ART 

!• 3lASICl3HENOMEMAOlCjSEim:DANDREPOnTED. 

2. THEOHV FORMULATED TO DESCRIBE PHENOMENA* 

3* THEOm^ THsa^ED BY PHYSICAL EXPEm^tENT 
OR jutue^latical model, 

4* PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED^ 
E,G*. MATERIAL, COitPONENT; ETC, 


5* . COMPONENT OR BREADBOARD TESTED IN RELEVANT 
environment in the LABQRATX)RY*. . 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7, MODEL TEffTED IN SPACE EN\TRONMENT. 

8* NEW CAPAmLlTY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL, 

a, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
XO. lifetime extension of an operational MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. C.2. 1:2 

1. TECHNOLOGY REQUIREMENT (TITI.E)! Scanning_SpeGtroradioTineter PAGE 1 OF _3_ 

VIS-IR Instantaneous Field of View IRediiction; Radiometric Accuracy 

2 . TECHNOl.OGY CATEGORY: Sensors 

3. OBJECTIVE/ ADVANCEMENT PEQTTTREn- Scanning with 29.4 to 44. 2 miororadian 
instantaneous FOV and sensiag seven channels i n the 0.5 to 1.1 nm. 1.55 to 1.75 nm. 

2.x to 2.35 ixm and 10. 1 to 12. 6 jim bands with a radiometric accuracy of 3% 

4. CURRENT STATE OF ART: Although 30 \i rad resolution has been achieved in the 

visible light and near IR regions. current instruments cannot meet requirement in XO.l to 
12. 6 urn spectral region HAS BEEN CARRIED TO LEVEL ^ 

5. DESCRIPTION OF TECHNOLOGY 

The spectrometer assembly includes seven multispectral imaging channels using a pallet 
mounted Mgh resolution scanner. The scanning section consists of scanning optics such 
as a rotating 45“ mirror which collects the radiation from the scene measured and optics 
which focus the radiation through a field stop to the spectrometer or radiometer channels. 
B^ond the field stop, the light is collimated, passed through a dispersive element and 
focused on an array of detectors. The wavelength of each detector is determined by its 
position in the spectrum. Other equivalent methods may be used to separate the incomii^ 
radiation into each spectral channel. 


P/L REQUIREMENTS BASED ON: El FRE-A,D A,D B,D C/D 

6. RATIONALE AND ANALYSIS: 

a. The desired f’eld of view is driven by the need for high spatial resolution for earth 
resources and land use analyses. However, the designs of IR scanning spectrophotom- 
eters are restricted by the tradeoff between IR input signal sensitivity and spatial reso- 
lution versus dwell time on each spatial element. 

b. The scanning spectroradiometer for the visible IR is used primarily in EO-06-S, 
Scanning Spectroradiometer but is also used as the thematic mapper in EO-08-A, 

Earth Observatory Satellite. 

c. Better spatial and spectral resolutions enable better mapping and recognition of 
terrestrial features. 

d. Due to uncertainity in effect of earth’s atmosphere and weather on results obtained, 
a full size model operating in space with provable confidence levels is necessary. 
Probably a shuttle sortie flight can be utilized for testing in Space. 

Initial test can be performed in a hi^ altitude aircraft to prove the technology. 

The advancem.ent is based on improving a lesser operational model, hence level 8. 


TO BE CARRIED TO LEVEL _8^ 


PR33CEDING PAGE BLANZ NOT FBMD 
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DEFINITION OF TECHNOLOGY REQUUIEMSNT 


NO* 2, 12 


1. TECHNOLOGY llEQUIREMENTfTITLE^ : Scanning Spectroradiometer PAGE 2 OF _3 
VIS-IP Instantaneous Field of View Reduction; Radiometric Acouracy 

7. TECHNOLOGY OPTIONS; Spatial I'esolution is determined by the scan angle (through 
atmosphere), the optics quality, the detector s'lZe, and focal length. A scanning instan- 
taneous field of view size of about 30 microradians is desired. Spectral resolution is 
determined by channel bandwidth and dispersive element quality. The spectrometer/ 
radiometer channels may be calibrated by a number of alternative methods such as temp- 
erature controlled black bodies, cold shy barkground, integrating spheres, and radio- 
isotopes. In order to obtain imaging in each of the spectral bauds the small field of view 
30 urad) is scanned across the flight path by a rotating mirror (fields up to 48“ wide). 


8. TECHNICAL PROBLEMS; 

a. Dwell time of each detector upon each of earth surface spatial elements is 
small resulting in low signal levels which are susceptible to local noise. 

b. Currently detector materials and cryogenic cooling techniques need improvement to 
improve signal to local system noise values . 


9. POTENTIAL ALTERNATIVES; 

Multiple IR electronic camera (or solid state imaging arrays) taldng up to 7 frames (one 
in each desired spectral band) simultaneously in a slight overJappii^ series of 
frames might satisfy the requirements. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RTOPS: W74-70483 (177-22-81) Visible - Infrared Sensor System Technology Develop- 
ment, Richard R. Richard JSC, Ph 713-483-4661. 

W740488, Visible and IR Sensor Subsystems, GSFC, Harvey Ostrow 301-982-4107. 

EXPEC TED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS; 

a. Development of sufficient scanning collector area. 

b. Corrections for atmospheric effects versus altitude and angle from nadir. 

c. Closed- cycle cooling; combination of radiative and active cooling. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C. 2. 12 


1. TECHNOLOGY REQUIREMENT rriTLE) ^ Scanning Speotroradiomete r PAGE 3 OF 


VIS-IE Instantaneous Field of View Beduction; Radiometric Accurac 




12. TECHNOLOGY REQUIREMENTS SCHEDULE; 


CALENDAR YEAR 



SCHEDULE ITEM 


TECHNOLOGY 

1, Options & Parametric 
Analy. 

2, Design optics 

3. BuHd Model 

4. Test 


APPLICATION 

1, Design (Pho C) 

2. Devl/Fab (Ph. D) 
8. Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNGHESg2 


14. REFERENCES; 

a. Summarized NASA Payload Descriptions, for Automated Payloads, Level A data, 
NASA PD, July 1974. 

b. Summarized NASA Payload Descriptions, for Sortie Payloads, Level A data, NASA 
PD, July 1974. 

c. Definition of the Technical Requirements for an Earth Resources Payload, Vol. 2, 
ESRO Contract SC/3/73/HQ, MBB, Munchen, 3 December 1973, pp. 114-117. 

d. Comments, R. F. Hummer, Santa Barbara Research Center, 31 Dec, 1974. 
Legend; 

T = Technology 

El = EG-06-S, Scanning Speotroradiometer 
E2 = EO-08-A, Earth Observatory Satellite 
• = Sortie Operations 
\ I = Automated Operations 



15. LEVEL OF STATE OF ART 

1. ffiiSIC PIIEKOllENA ODSERV’ED AMU REPORTED, 
a. TItEORY FOUMELATEDTO DESCninE PtIENOMEKA, 

3. theory TESfl'ED BV PIUHICAL E.^tPEltlMEET 

OK MATlinMATICAL MODKL, 

4. 3»KRTINENT FUNTTION* Olt ClLUtA GTE K1 STIC DEMONSTRATED, 

MATEKLVL, COMPONENT, ETC. 


6, CONtPONENT OR RRBADBO^AJID TESTED IN RELEVANT 
EKVUtONMENT IN THE LABOR\lpKY, 

G. MODEL TESTED IN AIRCRAFT ENVIRONMENT* 

7* MODEL tested IN SPACE ENVIRONMENT. 

8,, NEW CAPAIULITY DEHtV'ED FROM A MUCH LESSER 
OPEILUIONAL MODEL* 

% RELIABIUTV UPGRADING OV AN QFEHATJONAL MODEL. 
10. lifetime extension of an operational model* 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO ' 

1. TECHNOLOGY OF 3 

I FOV Reduction^ Radiometric Accuracy 

2 . TECHNOLOGY CATEGORY; Sensor 

3. OBJECTIVE/ ADVANCEMENT REOTITRED? Provi.de sensing with 0.37 to 0.6 millirad ir- 
an instantaneous field of view scanned + 45“ wifcli respect to orbital plane with a radio- 

^ -g g 

metric accuracy of 2% and a sensitivity of 3 x 10 J/m (at 1695 km for EO-56-A,250 
iSa. for Ol'-ub-d; ■■■ 

4. CURRENT STATE OF ART: Current state of a3Tt is tending to approach the capability 

for eXectromech a nical scanners but radiometric accuracy is only 5%. Up to twenty 1 5 
nm bands from 400 to 7QQ nm have been recorded HAS BEEN CARRIED TO LEVEL 7 

A 12 channel visible light, near infrared (CR) scanning radiometer (or spectrophoto- 
meter) is desired to provide global measurements of ocean color. The requirement can 
be met by a series of 12 linear arr^s (each at a selected spectral band) or by opearating 
12 filtered imaging devices simultaneously. However, a number of problems exist re- 
quiring further advanced technology support. 

Earlier experiments from an aircraft in 1972 used an image dissector tube to record 
the instantaneous image in twenty 15 nm bands from 400 to 700 nm. The ^ectra were 
scanned in sequency over a 150 point line on the tube. The principal ^plication is the 
measurement of water color which is an indicator of subsurface phenomena such as 
plankton growth and pollution diHusion, 

P/L REQUIR EMENTS BASED ON; PRE-A.Q A,D B,D C/D 

6. RATIONALE AND ANALYSIS: 

a. Gradations in water color per image indicate composition and subsurface phmomena 
such as planlrton growth and polution diffusion, 

b. The improved ocean scanning spectrophotometer is used in EO-56-A, Environmental 
Satellite but may be applicable to OP-05-S, Multispectrai Scanning, ocean physics 
payload. 

c. The multispeetral ocean scanning spectrophotometer development will permit very 
accurate environmental coverage of ocean color with a spatial resolution up to a 
.resolution of 1 km, 

d. Test can be accomplished from a high altitude aircraft providing that equivalent to 
space observations conditions with respect to the scene can be achieved; a shuttle 
sortie flight test would be useful prior to deployment in an automated spacecraft. 


TO BE CARRIED TO LEVEL 

7-111 

PSBCEDINf} PAGE BLANK NOT FILMED 


DEFINITION OF TECHNOLOGY REQUIREMENT NO.^*^*^® ‘ 

1. TECHNOLOGY REQUIREMENTfTITLE?j °^^ Scanning Speotropliotome tg^Qg 2 OF L. 

I FOV Reduction, Radiometric Accuracy 

7. TECHNOLOGY OPTIONS; It is assumed that electromechanical scanners or static 
electronic imping devices can scan the object or image plane in a manner that peimiits re- 
construction of the scene radiance per spectral band. Besides the major options of an elec- 
tromechanical scanner/raxliometer or the array of static electronic filtered im aging devicee , 
soannsr parameters need to be traded. Key parameters are instantaneous field of view 
(angular resolution), radiometric accuracy, coverage rate, scanner size, number of 
ehannds, number and sensitivity of detectors, and various efficiency factors involved, 
Alternative scanners employing photomultipliers, photodiodes and photoconductors may be 
considered. The unique advantage that a tube system has over other types is the ability to 
accommodate a large number of ^ectral bands or a programmable, variable number of 
bands. In the tube system a prism or a grating is used to ^read out a line of imagery 
(visible thru a slit) over the full raster of a tube. 


8. TECHNICAL PROBLEMS: 

a. As the I FOV is decreased, angular resolution increases, data rates are increased, 
calibration and vehicle stabilization requirements are tighter, need for cryogenics (to 
get greater detector sensitivity) increases. As the angular resolution is increased the 
dwell time of the detectors on a spatial resolution element may become less than detectoi' 

time constant, resulting in decreased responsivity. 

b. Resolution for a tube system with a limits readout rate is limited, since the 

- baudundth requir er Linnis pd - fnr . mtilfriplp r ?ppipp_rtf_^ .g';r>g1ia Tjnp _ 

9. POTENTIAL ALTERNATIVES; 

a. Wide Range Image Spectrophotometer (Electron optics, image dissectors, vidicons), 

b. Multispectral framing camera (with criss crossing patterns of striped filters), 

c. Improved Multichannel Ocean Color Sensor (MOCS), 


10 . PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RTOP W74-70543 (177-55-41), Remote Sensing of Oceanographic Color, etc,, W.A, Harris^ 
GSFC Ph 301-982-6465. 

RTOP W74-70546 (177-55-61), Physical Ooeanogr^hy and Coastal Processes, including 
Marine Disasters, T. D, Oberholteer (703-824-3411), Wallops Sta,, Va. 

^ expected UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS; 

a, FoDcward motion compensation if frame cameras used, 

b. Bevelopment of detector cooling systems if eleetromechanically scanned. 
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DEFINITION- OP TECHNOLOGY REQUIREMENT NOp* 2. 13 


1. TECHNOLOGY REQUIREMENT (TITLE^®“ Sps=teophotomgS?eE 3 OF J_ 

POV Reduction, Radiometric Accuracy 

12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 

SCHEDULE ITEM 

El 

76 

m 

VjK*] 

HS! 


m 

m 

Ml 

K!!IEa 

B 

m 

m 

m 

m 

Bll 

■ Shi 

■ 

||||B 

TECHNOLOGY 

1, Options & Parametric 
Analysis 

2. Des^ Imaging Device 

3. Build Model 

4, Test Model ; 

1 



1 

1 

1 


1 





1 







APPLICATION ; 

■ 1, Design (Ph. C) 

. 2. Devl/Fab (Ph. D) 

3, Operations 



— 

— 



mm 

mm 

mm 

m 

m 

m 

mm 

om 

mm 

• 

• 




T2 

T1 

• • 

1 











13.. USAGE SCHEDULE:: 

TECHNOLOGY NEED DAT;E 




L, 














Total 1 

NUMBER OF LAUNCHES:^^ 

T2 




□ 


1 

2 

1 

1 

2 

2 

1 

1 ' 
1 

1 

1 

1 

2 

1 

2 

2 

1 

1 

1 

t 

-iL- 


14. REFERENCES; 


a. Summarized NASA Payload Descriptions, Automated Payloads, NASA PD, Automated 
Payloads, Level B Data, July 1974. 

b. Pages 194, 291, NASA SP-335 Advanced Scanners & Imaging Systeips for Earth 

Dec. 11-15, 1972. 


5. COMPONENT OR jaREADBOARD TESTED IN RELEVANT 

enmronment in the lai^ofl\i*orv* 

C. MODEL TESTED IN AIRCRAl-T ENVIRONMENT. 

7. MODEL TESTED IN SPACE EN\TttONMENT. 

B* NEW CAPAmi4TY DERIVT:D FROM A MUCH LESSEE 
OPERATIONAL MODE L . • 

9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10, LIFETIME EXTENSION OF AN OrERATIONAL MODFL. 


T = Technology 

= Automated Operailons 
• = Sortie Operations 
T1 = EO-56-A, Environmental Satellite 
T2 = OP-05-S, Multisj^eetral Scanning 


15. LEVEL OP STATE OF ART 

1. BASIC PHENOMENA OBSER\'i:D AND REPORTED, 

2, TIIEORV POUMttLi\TED TO DESCRIBE PHENOMENA. 

S, THEORY TESl’ED BY PHYSICAL EXPERIMENT 

OR ^LATIlEM.VrlCAL MODEL. 

4, PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 
E.G., MATERIAL, COMPONENT, ETC. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-2.14- 1 

1 . TECHNCJLOGY REQUIREMENT (TITLE): TR, •photmMftt.fiv PAGE 1 OF 

Reduction in the number of instruments to cover 2 to 1000 urn range; Comr)atible with 
cryogenically cooled IR telescope. Flexibility ia selection of any desired band 1 /jm or 
larger in 2 to 1000/ m range. 

2. TECHNOLOGY CATEGORY: Sensors 

3. OBJECTIVE/ADVANCEMENT REQUIRED: Photometric measuremep. 3 at any 

selected band in 2 to 1000 /mi range good to 0,1 magnitude 

4. CURRENT STATE OF ART: Current state of art indicates measurement to 0.1 
ma gnitude in 2 to 1000 um requires 4 to 6 different IR instruments. 

HAS BEEN CARRIED TO LEVEL 

5. DESCRIPTION OF TECHNOLOGY 

A single IR Photometer instrument is required to operate to 0. 1 magnitude over the 
range from 2 to 1000 {xm. This instrument must operate at 1. 5 K and provide capabil- 
ity for switching in narrow band IR filters for radiation bands of interest which are 
mounted on a filter wheel. Different types of filters are necessary for different parts 
of the 2 to 1000 ixm spectrum. An array of radiation detectors, each detector covering 
a part of the 2 to 1000 um region, is required. 

Probably IR photometer development will proceed in stages or cycles of about 4 to 7 
years apart, contingent i^on development of low loss bandpass filters. 


P/L REQUIRE MENTS BASED ON: [^PRE-A,n A,D B,D C/D 

6. RATIONALE AND ANALYSIS: 

a. Separate instruments covermg parts of the 2 to 1000 fjm region are available. Use of 
a collection of existing technology instruments is not feasible because of size restric- 
tions for moun t in g in a liquid helium cooled environment, 

b. This technology can benefit payloads AS-Ol-S, l. 5m Cryogenically Cooled IR Tele- 
scope, AS-20-S, 2,6m Cryogenically Cooled IR Telescope, andAS-U-A, 1. 5mIR 
Telescope. 

c. Use of a single instrument to cover the 2 to 1000 {jpn region will greatly reduce tlie 
number of flights or the fime to accomplish the measurements associated with the 
payload. 

d. When sufficient accuracy over the full range of IR radiation measurements hnp been 
demonstyated this technology requirement will have been met. Final test would 

be accomplished in space against standard spectral reference stars. 

Initial test to prove technology can be performed on high altitude rocket flight. 


TO BE CARRIED TO LEVEL R 


PRECEDIN(j PAGE BLANIC NOT JTOtSSy 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO.C-2.14-l 


1 . technology REQUlREMENTmTLE)t IR Photometer PAGE 2 OF ^ 

Reduction in the number of instruments to cover 2 to 1000 /xm range; Compatible with 


cryogenically cooled IR telescope. Flexibility in selection of any desired band 1 fxm or 


larger in 2 to 1000 jim range. 


7. TECHNOLOGY OPTIONS; 

Trade studies are associated with the type of narrow band IR radiation filters to use for 
different regions, the method of selecting specific narrow band filters, and the or^niza- 
tion of multiple detector arrays. Calibration of the integrated instrument can be done 
using black bodies or in the operational environment using Imown stars as references. 

Detector segmenting strategies should enable coupling of the detectors to the incoming 
point source IR signals as modified by the selected IR filter (i. e. , proper detector area 
may be attained by connecting detector preamplifier outputs together. 


8. TECHNICAL PROBLEMS: 

a. The construction of selectable bancpass filters in the 2 to 1000 /xm region. 

b. Difficulty of calibratii^ all combinations of filters and detectors, 

c. Operation in a low temperature environment (1, 5“K). 

d. Constancy of detector and calibration reference temperatures. 

e. Development of stable detector elements in 30 /x to 1000 /xm range. 


9. POTENTIAL ALTERNATIVES; 

a. Use of separate instruments to cover different parts of the IR region and limit 
experiment objectives for each mission. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

a, RTOP W74-70625 (188-41-65), Millimeter-Wave and Far-Infcared Astronomy, 
Goddard Inst, for Space Studies, Patrick Thaddeus, (212) 866-3618. 

b, RTOP W74-70626 (188-41-55), Infrared Astronomy, NASA, Washington, D, C. , 

N.W. Boggess, (202) 755-3688. 

c. RTOP W74-70628 (188-41-55), Infrared Astronomy, Ames Research Center, 

Glen Goodwin, (415) 965-5065. 

d. W74-70G29 (188-41-55), hxfeared Astronomy, Jet Propulsion Lab. , Donald 
P. Burcham, (213) 354-3028, 

^ expected UNPERTURBED LEVEL 7 


11. RELATED TECHNOLOGY REQUIREMENTS; 

. a. Low noise level detectors. 

b. Segmented arrays of multiple detectors 

c. Telescope that contributes minimum local flux. 


7-116 








DEFINITION OF TECHNOLOGY REQUIREMENT 


NO.C-2.14-1 


1. TECHNOLOGY REQUIREMENT (TITT .E) ; IR Photometer PAGE 3 OF _3_ 

Reduction in the number of instruments to cover 2 to 1000 range; Compatible with 
cryogenically cooled IR telescope. Flexibilily ^ selection of any desired band 1 jJtm or 
larger in 2 to 1000 lam range. 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 


CALENDAR YEAR 


SCHEDULE ITEM 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


TECHNOLOGY 

1. Parametric Studies & 
Trades 

2. Design 8z Fabrication 
of Exp. Model 

3. Test & Evaluation 


Tl 


T3 


Tl 


Tl 


JB3 


T2 


t3 


T2 


APPLICATION 

1. Design (Ph, C) 

2. Devl/Fab (Ph, D) 

3 . Operations 


Tl 


T3 


T2 


Tl. 


Tfi 


1 * 

T3 


• • 


• • 


T2 


TE# 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


Tl 

T3 




n 



"1 

T2 







~T 

OTAL 

NUMBER OF LAUNCHES 






Tl 

m 

T^ 

2T1 

2TI 

2T1 

T3 

Tl 


Tl 

T3 

Tl 

Tl 

T2 

T3 

Tl 

T2 

Tl 

T2 

22 

i 


14. REFERENCES- 

a. Su3nmari2ed NASA Payload Descriptions, Sortie Payloads, July 1974, NASA/MSFC, 
pp. 30, 62. 

b. Summarized NASA Payload Descriptions, Automated payloads, July 1974, NASA/ 
MSFC, p. 32. 

c. Materials for Radiation Detection, National Materials Advisory Board, Jan. 1974, 
pp. 211-221, 333-343. 

d. Astronomical Techniques, Volume n, edited by W. A. Hiltner, Chapter 7. 

e. Payload Descriptions, Volume n, Sortie Payloads , Level B Data, p. 1-5, Sheet S-4A, 
Item AS-002, IR Filter Photometer, July 1974. 

Legend 

• = Sortie operations 
— = Automated operations 

(Tl) = AS-01-S, 1. 5m Cryogenically Cooled IR Telescope 

(T2) = AS-20-S, 2. 5m Cryogenically Cooled IR Telescope 

(T3) = AS-ll-A, 1. 5m IR Telescope 


15. LEVEL OF STATE OF ART 

1, BSaiC PHENOMENA OBSERVED AND REPORTED. 

2, TjrEORY FOUMULA.TED TO DESCRIE^ PHENOMENA* 

3, THEOriY TESTED BY PHYSICAL EXPEIUMENT 

OR MATHEMATICAL MODEL. 

4* PERTINENT FUNCTION OR CHAIIACTERISTIC DEMONSTRATED, 
. . B.G., MATERIAL, COMPONENT, ETC. 


6. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIKOKMENT IN THE LABORATORY. 

6* MODEL TESTED LN AIRCRAtT ENVIRONMENT. 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

8* NEW CAPABILITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

g, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. LTFETLME EXTENSION OF AN OFERATiOHAL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIilEMENT 


NO, G. 3, 14'~2 


1 . TECHNOLOGY REQUIREMENT (TITT.E) : IR Interferometer Spectrom -pAGE l OF 4 
eter Resolving Power; Large Spectral Range in One Instrument 


2 . TECHNOLOGY CATEGORY: Sensors 

3. OBTECTTVE/AnvAwri EivrE NT HEQTnRF.D- With one instrument, measure spectrum 
from 25 to 1000 gm with. resolving power of 50000; spectr um may be measur ed in a 
number of overlanping sections. 


4. CURRENT STATE OF ART: Current state of art indicates spectral range can be cover- 


ed with a rpRolving power of SOOQ; M eher resolution achievable b y use of several . 


instruments 


HAS BEEN CARRIED TO LEVEL 6 


5. DESCRIPTION OF TECHNOLOGY: An IR spectrometer/interfero meter capable of 

covering the 25 to 1000 ^m spectral range with a resolving power 50000 in one instrument 
is desired. The Fourier spectrometer technique depends upon stability of laser reference, 
precision of scan of reference arm, and dimensional stability. General principles: The 
optical configuration of a Fourier spectrometer includes a two beam interferometer with 
an easy (but accurate) way of varying the path difference (or delay) by moving some compo- 
nent. A detector gives the interference output, which consists of a uniform background 
signal upon which is superimposed an oscillatoxy function of the delay, caUed an interfero- 
gram. The current state of the art in the laboratory is in wave numbers between 0. 1 and 
0.05 decreasing to a value between 0.5 and 1 wave number at cryogenic temperatures. 

Two techniques are in use: r^id continuous, scan (L. Mertz) and step. integrate system 
(P. Connes, etal). 

P/L REQUIREMENTS BASED ON: [1 PRE-A,D A,D B,Q C/D 


6. RATIONALE AND ANALYSIS: | 

a. The original requirement is for a single Fourier spectrometer assembly for use with ac 
astronomical IR telescope over the total spectral range with best resolving power so 
that Space is available on a given flight for other instruments. Then at the time 

the telescope is pointed at an IR source, a maximum of spectral coverage may be ob- 
tained with a few spectral range adjustments. 

b. AS-Ol-S, 1,5 m cryogenically cooled IR Telescope, AS-15-S, 3 m ambient tempera- * 
ture IR T elescope, AS-20-S, 2.5 m cryogenically cooled IR Telescope, AS-07-A, 3 m 
ambient IR Telescope are IR telescope payloads which can benefit from development 
of a high resultion extended range IR spectrometer. 

c. The availability of an extended range instrument of high precision will reduce the 
number of flights to obtain fairly complete spectra. The high resolution spectra 
enable source component identifications, line profiles, and velocities to be measured, ; 

d. Final test of the desired spectrometer /interferometer will be accomplished in space 
coupled to a cayogenically cooled IR telescope on a shuttle sortie fli^t. 

Initial test would be performed in a cooled vacuum chamber. 


TO BE CARRIED TO LEIGCL ^ 


HIEGEDING PAGE BLANK NOT FITiMED 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO.C. 2.14.2 



10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


RTOP W74-70629 (188-41-55) Infrared Astronomy, 
N.W, Boggess, NASA Hq, Ph 202-755 -3688. 


EXPECTED UNPER TURBED LE\T2L 

11, RELATED TECHNOLOGY REQUIREMENTS: 

a. Electromecliatiical devices to enable precise scan or sampling. 

b. Thermal control at lowest feasible temperature. 

e. Development of 1 million Point Fast Fourier Transform Software and Computation 
Capability. 

d. Increase of data handling capabilities by 10 to 20 times current rates. 
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DEFINITION OF TECHNOLOGY REQraREMENT Kn,C .2.14.2 

1, TECHNOLOGY REQUIREMENT ^TITT.E)i IR Interferometer Spectrom eMGE 3 OF 4 
Resolving Power; Large Spectral Range in One Instrument 


7. TECHNOLOGY OPTIONS (CONTINUED); fluctuations in mirror drive speed. In 
comparison of options, there are at least three distinct types of interest in astromony; 
Mach Zender with pairs of mirrors; Michelson with retroreflectors; and the cyclic. The 
Mach Zender interferometer has the advantage of separate outputs in which the interfero- 
gram data may be complementary. The complementary data may be useful in reducing 
noise from source fluctuations , The Michelson interferometer gives the simplest method 
of changing path difference and is the type most used in Fourier spectroscopy. In the 
Michelson interferometer the second output is returned to the source j it can be recovered 
if modified and mirrors have been replaced by retroreflectors. 

Interferometer path variations can be described better in terms of the following para- 
meters; 

a. Shear, s (related to field images) 

b. Shift, h (related to longitudinal separation) 

c. Tilt t ' (related to source images) 

d. Lead, 1 ' 

In theory, there is no reason why a Fourier spectrometer should have either a shear or 
tilt. However, in practice th^ occur. The integrated effect of variations in path length 
is to reduce the modulation of the interferogram. Use of retroreflectors in future and 
coupling of these mirrors (back to back) in each arm will compensate for shear and tilt. 

Choice of ctmvature of corner mirrors (or retroreflector characteristics) enables compen- 
sation for shifts and leads. 

Areas which need further development are: 

a. Truly background limited detectors for wavelengths longer than 100 fim. 

b. Design techniques for high efficiency wide range coverage, capable of accepting 
beam^Utter and detector mixes to cover total desired spectral range exterior. 

e. Improvement of retardation schemes, trades between multiple mirror and step and 
integrate concepts. 
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definition of technology requirement 


> NO. C.2.14.2 


1. T^r■TJ^TnT nrtv T?T? 9 m»EMKNT /TTTT.E^■ ^ PAGE ^OF _1 

tro meter Resolving Power; Large Spectral Range in One Instrument 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


DO 


91 


TECHNOLOGY 

1» Options & Parametric ^ 
Analysis 

2. Design Spsctrometer 

3. Fabricate Model 

4. Test Spectral Range & 
Resolving Power 


APPLICATION 

1, Design (Phase C) 

2, Devl/Fab (Phase D) 

3, Operations 


T1 


is 


T5 


Si 

T2 

T4| 


e« 

ee 


e» 

Si 


« 

9 

T3 


13. USAGE SCHEDULE; 


TECHNOLOGY NEED DAT E 
NUMBER OF LAUNCHES ^ 


T 


! 


i 


! 


Total 


36 


14. REFERENT ES: 

a. Aspen International Conference on Fourier Spectroscopy, 1970, AFCRL-71-0019,pgs 3-5^ 

b. Summarized NASA Payload Descriptions, Sortie Payloads, Level A Data, July 1974, 
NASA/MSFC, pp. 30, 56, 62. 

c. Summarized NASA Payload Descriptions, Automated Payloads, Level A Data, July 1974, 
NASA/MSFC, pp. 30, 32. 

d. Cryogenic mterferometer/Spectrometer, C. R, Bohne, L. B. Harkless & B. K. Yap, Honey4 
well Radiation Center, 11 Feb. 1974. 


Legend; 

T = Technology 
• = Sortie Operatio:is 

— . = Automated Operations 


T1 = AS-Ol-Ss 1. 5 m CryogenicaEy Cooled IR Telescope 
T2 - AS-15-S» 3 m Ambient Temperature IR Telescope 
T3 = AS-20“Sj 2.5 m Cryogenically Cooled IR Telescope 
T4 = AS- 07 -A, 3 m Ambient Temperature IR Telescope 
T5 = AS-ll-A, 1, 5 m IR Telescope 


15. LEVEL OF STATE OF ART 


1, BASIC PHENOMENA OKERV^D AND REPORTED. 

2, TREOUY FOUMUtiATED TO DESCUIUE PHENOMENA, 

3, TilEORY THSl’ED BY PHYSICAt E.XPERIMENT 

.OH .mathematical MODEL. 

4, PLKTJKENT function or CJJARACTERISTIC DEMONSTRATED, 

E,G., MATEIUAL, COMPONENT, ETC, 


5. COMPONENT OR BREAD EO.ARD TESTED LN RELEVANT 
ES\TRONMENT IN THE LA1W3RATORV, 

6* MODEL TESTED IN AlRCiLAl-T ENVIRONMENT. 

7* model tested in SP.ACE ENVIRONMENT. 

8, NEW CAPAIULm' DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

9, RELIABILITY UPGRAtUNG OF AN OPERATIONAL MODEL* 

10. LIFETU^IE E.NTENSION OF .AN OPERATIONAL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. RI/2.15 

1 . TECHNOLOGY REQUIREMENT (TITI.E): PAGE i OF ^ 

IR I nterfer ometer/Spectrometer 

i 2. TECHNOLOGY CATEGORY: Sensors 

I ;L (JHJKCTIVE /advancement REOTITREDt I R semiconductors and detectors (and 
associated electronics) which are less sensitive to high radiation backgrounds 


1 . CU RRENT STATE OF ART: 
with 50% degradati o 


IR detectors are available which can withstand 10^ rads 


HAS BEEN CARRIED TO LEVEL 


5. DESCRIl’TION (JF TECHNOLOGY 


*Some military classified activity 

Semi-conductors demonstrate gain decreases and leakage current increases as a result of 
radiation. Required integration times also increase. These changes are attributed to traps 
which reduce charge carrier lifetimes and mobility. Minority carrier semi-conductors are 
especially vulnerable because the fraction of items which need to be affected to produce 
macroscopic effects is correspondingly less. 


Detector type 


Requirement 

Thermal IR detectors, 0,7-100iU 


State of Art 

Thermal IR detectors 
0.7-1 00/£ 


Radiation level before 
damage 


Jupiter environment at 4 Jupiter 
radii f» 105 rad) 


10^ rads 

(without degradation) 

107 rads 

(continued on page 4) (witlv4O%dfi0radql:ion) , 

P/L REQUIREMENTS BASED QN; [33 PRE-A,[J A,0 B,U C/D 


G. RATIONALE AND ANALYSIS: 


High radiation levels in Jupiter orbit have been analytically predicted and confirmed 
by Pioneer 11, 

b. Using payload will be PL-12-A, Mariner Jupiter Orbiter, 

c. Less radiation sensitive I R detectors are needed to operate the IR Interferometer/ 
Spectrometer in Jupiter orbit, 

d. insensitivity to nuclear radiation with minimal shielding must be demonstrated in the 
laboratory. 


TO BE CARRIED TO LEVEL 5 
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9. POTENTIAL ALTERNATIVES; 

a. Shielding - Beyond shielding on the order of ~0.5 gm/cm^, the effect of shielding 
^w^ght on the orbiter is prohibitive. Table 2 illustrates shielding requirements as a 
function of orbit. 


(continued on page 5) 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 
Work on hardening IR detectors against nuclear radiation is being carried out by: 

Honeywell R, A, Rotolante 

R, P, Murosako 

Texas Instruments M, M, Blanke 

S, R. Borrello 



(continued on page 4) 

RELATED TECHNOLOGY REQUIREMENTS; 


EXPE CTED UNPERTURBED LEVEL * 
* Some military classified activity 


Unknown 






DEFINTTION OF TECHNOLOGY REQUIREMENT 

NO. 2.15 

1 TRCHNOT .nr,Y TJRQTtl l?RM RNT (TITt ,E\ ♦ 

PAGE 3 OF 5 

IE. Interferometer/ Spectrometer 



12. TECHNOLOGY HEQUlllEMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDUI.E ITEM 




TECHNOLOGY 

1. Materials Testing/ 
Research 

2. Detector Development 

3. Life Testing 

4. 

5. 


APPLICATION 

1. Design (Ph. G) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4. 


3. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 



■HHUriBIBBa 


14. REFERENCES: 

1. Discussions among N, Devine and J. C, Beckman, Jet Propulsion Laboratories, and 
Dr, J. Haffher, Rockwen Interndtibnal 

2. A, G. Stansbery, and R, S. White, “Jupiters Radiation Belts", Journal of Geophysical ? 
Research, Vol. 79, No, 16, pp 2331-2342 (June 1974) 

3. J, W. Haffner, "Calculated Dose Rates in Jupiters Van Allen Belt", AlAA Journal, 

Vol. 7, No. 12, pp 2305-2311 (December 1969) 

4. Discussion between R. H, Parker, Jet Propulsion Laboratory, and P. R. Fagan, 

Rockwell Into' national, January 20,, 1975 

5m Thermoelectric Outer Planet Spacecraft, TOPS, Final Report, Jet Propulsion Laboratory, 
TM 33-589, Aprill, 1973 

6. Communication from D. J, Hamman, Batelle Columbus Laboratories to H. Iksrd, 

Convair, December 10, 1974 


15. LEVEL OF STATE OF ART 

1. BASIC PHBKO.MCMA ODSERVBD AMD BEPORTEb. 

2. TIIEORV FOlUvlULATED TO DESCRIBE FRENOMENA. 
a. THEORV TESTED BY FKYStCAL EXPERIMENT 

OR MATIIEM.AT1CAL MODEL. 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 
E.C., MATERIAL, COMPONENT, ETC, 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIHOKHENT IN THE LARORATORY. 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

a, NEW CAPAlULtTY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

9* tJPGRADIllG OF rlN OPEHATJOKAIi MODEL.. 

ID. LIFETIME EXTEKMON OF AH OIEnATIOHAL MODEL.- 
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DEFINITION OF TECHNOLOGY REQXniiEMENT 

NO, Rlv2.15 

1. TECHNOLOGY BEQUHtEMENT (TITLE): 
IR Interferomerer/Spectrometer 

PAGE ^ OF 5 




5. Description of Technology «■ continued 

Photoconductors can tolerate approximately 3 x 10^ rads before appreciable damage. Photo- 
voltaic detectors can tolerate approximately 10^ rads before damage. Thermal detectors are 
two or more orders of magnitude less sensitive and can tolerate approximately iO^ rads. 

Transient effects belov/ these radiation levels manifest themselves as background noise. Transient 
effects are observed at one radA«* in photoconductors and photovoltaic IR detectors. 


TABLE 1 


Orbiter Jupiter Allowable 

Radii Exposure Time 

4 Rj 4 orbits (~ 4 days) 

4 Rj 40 orbits ( ~ 1 month) 

4 Rj 400 orbits (one year) 


10, Planned Programs or Unperturbed Technology Advancement - continued 

Kaman Nuclear P, L. Jessen 

Gulf Radiation Tech, B, C. Passenhelm 

A, M. Kalma 

Current research iii the area of radiation effects on infrared devices Is directed toward 
minimizing the transient response (which will increase the signal-to-noise ratio) as well as 
toward extending the exposure which can be tolerated before permanent damage become 
si^ificant. Approaches being investigated include pulse-suppression electronic circuits (to 
minimize unwanted transient response), thermal grounding (to limit temperature rise due to 
radiation, especially laser radiation), and new material compositions which operate satisfactorily! 
(high D*) with short minority carrier lifetimes;). Various annealing techniques which can be 
used for certain applications are also under consideration. 

Since nearly all of the research in this area pertains to classified applications, it is not 
possible to discuss recent results in an unclassified document (see the IRIS Conference reports 
for classified research reports). 
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7, Technology Options - continued 


NOTE; 0, 1 gm/cm2 shielding 


Radiation 

Tolerance 

10^ rods 
]0<^ rads 
10^ rads 


Degradation 

0 % 

25% 

50% 



- 1 - 


BEFINmON OF TECHNOLOGY REQUIKEMENT 

NO. 

1. TECHNOLOGY REQUIREMENT iTITLEi: 

PAGES OF 5 

IR Interferometer/Spectrometer 



9, Potential Alternatives - continued 


TABLE 2 


Shielding 

Orbit 

Radiation Level 

Total Dose for 1-Year Orbits 

0,1 gm/cm^ 

4Rj 

1 0^ radsAr 

lO^rads 

0,5 gm/cm^* 

4Rj 

4 X 1Q3 radsAr 

4 X 10^ rads 

1 gm/cm2* 

4Rj 

7 X 1Q2 radsAr 

7 X T 06 rads 

10 gm/cm^* 

4Rj 

3 radsAr 

3x10^ rads 


*Shielding at these levels results in prohibitive orbiter weights. 


It can be seen that degradation higher than 50% (see Table 1) must be accepted with shielding 
on the order of 0,5 gm/cm*. 

b. Higher Orbits, Increased data collection time before failure can be accomplished with 
less detector degradation by selecting higher orbits. Table 3 illustrates the impact of 
higher orbits. 

TABLE 3 

NOTE; 0. i gm/cm^ shielding 


Radiation Tolerance 

Orbit 

Allowable Exposure Time 

105 rads 

4 Rj 

~ 4 orbits 


6 Rj 

-'ll orbits 


8 Rj 

~37 orbits 

1 0*^ rads 

4 Rj 

~40 orbits 

(25% degradation) 

6 RJ 

~1 10 orbits 

8 RJ 

~370 orbits (~ 1 ye 


It can be seen that if an orbit at 8 Rj is acceptable, an orbit of approximately one year 
duration can be accomplished with a 25% detector degradation. 

The time in orbit can be marginally increased by heavier shielding and substantially increased 
by using elliptical orbits with large apogees, preferably out of the plane of the magnetic 
equator. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT (TITLE): Pyroelectric Detector PAGE 1 OF 4 
increase detectivity of uncooled detector to that of current cooled detectors 


2 . TECHNOLOGY CATEGORY; Sensors 

3. OBJECTIVE/ ADVANCEMENT RF.QTTTRF.n . Develop an IR detector with a detectivity 
of 3 X 10 ^^. 


4. CURRENT STATE OF ART: Curreat state of art of triglycine sulfate. pyroelectric 

detectors is appro3dmately = 1 x 10^^ cm 


HAS BEEN CARRIED TO LEVEL J 


5. DESCRIPTION OF TECHNOLOGY ! 

The pyroelectric detector employs a vemperature-sensitive ferroelectric crystal, such as 
triglycine sulfate, which has two parallel electrodes deposited on it maMng it into a paral- 
lel plate capacitor. As the temperature of the polarized crystal is changed, a charge is 
generated in ihe pyroelectric detector. When employed in the voltage mode, the respon- 
sivily and the noise both decrease as a fimction of frequency and the D* of the detector 
stays nearly constant up to quite high frequencies. Pyroelectric detectors are particularly 
advantageous in wide bandwidth systems where their performance at both low and high fre- 
quencies is superior. 

Pyroelectric detectors can be conveniently formed into linear arrays with associated pre- 
amplifier arrays for use in two-dimensional scaonir^ systems. The current practical 
limit in the size of array elements is of the order of 0. 25 x 0, 25 mm. Below this area, 
for the current material and thickness limitations, the capacitance becomes small 

■ (continued on page 3) P/L REQUIREMENTS BASED ON: PRE-A,Q A.n B,D C/D 


6. RATIONALE AND ANALYSIS; 

a. Rationale for Selection: The improvemmt in detectivity in pyroelectric detectors ob- 

tained durii]^ the last five years has been about an order of magnitude. The best pyro- 
electric detectors being made in the United States and in En^and now approach a D* of 
2x 10 ^^cm Hz 1/2 and the average detectors are within a factor of four of this 

value. The best detectors are now about a factor of ten away from the ideal thermal 
radiation noise limited performance. There appears to be no reason why considerable 
progress toward reaching this fundamental limit of tiiermal detector performance at 
about 20“ C could not be made over the next few years. Recent studies of polyvinyl- 
fluoride film pyroelectric detectors are also of interest, 

b. Benefittmg payloads. Payload beneflttii^ from development of improved IR detectors 
include: 

(1) OP-02-S Multifrequency Land Imagery 

OP-03-S Multifreqnency Dual Polarized Microwave Radiometer 

OP-04-S Microwave Scatterometer 

OP-05-S Multispectral Scanning Imagery 


(continued on page 3) 


VO BE CARRIED TO LEVEL JL 


PEECBDING page BIANK NOT HEADED 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. C-2. 16 

1 , TECHNOLOGY REQUIREMENTfTITLE\: Pyroelectric Detector PAGE 2 OF JL 

laorease detectivity of unoooled detector to that of current cooled detectors 

7. TECHNOLOGY OPTIONS; 

To the exfceatthat the pyroelectcic detector is an ideal capacitor, it is free of electrical 
noise and,, therefore, would be limited only by temperature noise, which is the fluctuation 
of detector temperature through radiation exchange witii its surrounding. In practice, at 
intermediate to higher frequencies the detector is generally limited by Johnson noise asso- 
ciated with the dielectric loss in the ferroelectric crystal. At low and very high frequen- 
cies, the limiting noise is usually that of the field-effect transistor preamplifier. Consid- 
erable progress has been made in improving the ferroelectric materials being used, in 
methods of attaching electrodes free of contact resistance, in minimising electrical lealcage 
around the detector, and in obtaining field-effect transistors with lower electrical noise 
characteristics. Noise equivalent power (NEP) for a pyroelectric detector is based on 
detector material, modulation frequency, FET characteristics and operating temperature. 

(Contmued on page 3) 

8. TECHNICAL PROBLEMS; 

a. Crystal growth needs to be perfected to obtain uniform crystals wilh minimum dielec- 
Ixic.loss and methods of attaching leads need to be improved to avoid resistance loss in 
the lead attachment. 

b. Preamplifier (FET’s) needs to be reduced 

c. Dielectric constant changes and responsivity goes down above some temperature such as 
35 C, Pyroelectric detector needs to be generated within fairly narrow temperature band 

9. POTENTIAL ALTERNATRTLS; 

a. Cooled detectors 

b. Electron beam imaging 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
Some activity at Barnes Engineering, Mullard and Texas Instruments. 


EXPECTED UNPERTURBED LEVEL jj 

11. RELATED TECHNOLOGY REQUIREMENTS; 

a. Low noise multispectral scanners, 

b. Array element segmentation and coupling of elements for maximum efficiency vs 
wavelength. 
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DEFINITEON OF TECHNOLOGY REQUHIEMENT 


NO. C-2.16 


1. TECHNOLOGY REQUIREMENT (TITLE); Detector PAGE 3 OF J_ 

Increase detectivity of uncooled detector to that of current cooled detectors 


5. DESCRIPIION OF TECHNOLOGY (continued) 

coanpared wi& tlie stray capacitance of the associated circuitry. For small elemental area 
detectors or arrays, materials of higher dielectric constant would be particularly valuable. 
Examples are SBN and PLZT. 


6, RATIONALE AND ANALYSIS: (continued) 

G, JusliScatlon for Advancement; It appears that considerable improvement in the charac- 
teristic of psrroelectrio infrared detectors could be achieved with substantial research 
support. Because of the importance of pyroelectric detectors, not only as elemental 
detectors at low frequencies, but also as laser heterodyne receivers and in the p 3 rro- 
electric vidicon, a strong and vigorous materials research program is 
recommended. 

Quite a few earth observations on geophysics payloads could avoid going to cooled de- 
tectors, if appropriate advance in p 30 !’oelectric detector occurs. 

d. Substitution of typical pyroelectric detectors in a multispectral scanner test on an early 
shuttle flight. Initial test to be performed in high altitude aircraft. 


7. TECHNOLOGY OPTIONS; (continued) 

Ferroelectric materials should be investigated to find those having; (a) a better ratio of 
pyroelectric coefficient to dielectric constant, (b) greater thermal capacity per unit volume, 
and (c) higher Curie temperature. Material research is complicated by the wide variation of 
the dielectric properties of the material with temperature with the state of polarization of 
the crystal, with the previous thermal history, and with poling method employed. Several 
materials currently being investigated such as TGFB, deuterated TGS, alanine-doped TGS, 
SBN, and PLZT show considerable promise in this direction, 

■Hie responsivity of pyroelectric detectors above the thermal time coimtant is determined by 
the ratio of the pyroelectric coefficient to the dielectric constant of the detector material 
and the thermal capacity per unit volume of the detector material. To date this has beaa 
found to be optimum for triglycine sulfate just below its Curie point which occurs at 47“ C 
and for triglycine fluoberyllate just below its Curie point of 73“ C. A lower rather than a 
higher thermal capacity is advantageous for some type of pyroelectric detectors. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-2. 16 


1, TECIINOJ.OGY REQUIREMENT /TTTT.E^* Pyroelectric Detector PAGE 4 OF _4_ 

Increase detectivitv of uncooled detector to that of current cooled detector. 


12 . TECHNOLOGY REQUIREMENTS SCHEDULE ; 

CALENDAR YEAR 


SCHEDULE ITEM 75 76 


TECHNOLOGY: 

1. Material Development 

2. Detector Design & Fab. 

3. Substitution in Multi- 
spectral scanner 

4. Test in space 


APPLICATION (in new 
sensor) 

1. Desi^ (Phase C) 

2. Devei /Fab (Phase D) 

3. Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OP LAUNCHES 
OP-02-S 
OP-OS-S 
OP-04-S 
OP-05-S 




2 2 1 1 1 2 2 2 1 1 


1111 
111 
1 1 J. 2 
4 4 



14. REFERENCES: 

a. Materials for Radiation Detection# NMAB 287, January 1974. 

b. Summarized NASA Payload Descriptions, Level A Data, Sortie Payloads, Jul 3 '^ 1974, 


Legend: 

T = Technology 


LEVEL OF STATE OF ART 

1. BtSIC PHENOMENA OBSERVTD AND REPORTED, 

2. THEORY FORMULATED TO DESCRIBE PHENOMENA. 

8. THEORY TESTED BY PHYSICAL EXPERIMENT 

,OIt MAiniESLATlCAL MODEL. 

4* PERTINEtiT FUNCTION OR CIIAltACTEIUSTlC DEaiONSTRATED, 
E*G*, ftlATERlAL, COMPONENT. ETC, 


6, COMPONENT OR ilREADBOABD TESTED IN RELEVANT 
ENVIRONMENT IN THE LAROIUTORY, 

D* MODEL TESTED !N AlRCRAtT ENVIRONMENT, 

7* MODEL TESTED IN Si>AC£ ENVIRONMENT* 

8, NEW CAPARILm' DERIVTD FROM A MUCH LESSER 

OPERAI’IONAL MODEL. 

9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL, 

10. LIFETiAJE EXTENSION OF AN OrURATiONAL MODEL.^ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO, GE-2,17 

1. TECHNOLOGY REQUIREMENT (TITLE) : Soil Moisture PAGE 1 OF 

Sensor 

2. TECHNOLOGY CATEGORY: Sensors 

3. OBJECTIVE/ ADVANCEMENT REOUIRED! Provide all-weather capability for 

mapping soil moisture from orbit > 


Microwave techniques currently under development 

aciaaYa'ey"T>uly' under ideal soll-u'on'dit'luny 
relative to surface smoothness, freedom from vegetative cover, and knoxon homo- 


4. CURRENT STATE OF ART: 


geneous soil compositions , HAS BEEN CARRIED TO XjEVEIj 4 

5. DESCRIPTION OF TECHNOLOGY 


a) Accuracy requirement - not attainable under operational 
measurement conditions (refer to item #4 above) , 

b) Resolution requirement - 100 meter minimum spot diameter from low orbit 
(up to 490 n.miO; theoretically feasible with synthetic aperture radar 
techniques. 

c) Soil depth of measurement - 0 to 50 cm; the higher limit does not appear to 
be feasible in the L-Band, which shows promise in terms of reducing the 
effects of vegetative cover. 

d) If roughness and vegetation effects are to be eliminated ^ incidence angle 
range should not exceed 15^. 


Active microwave (radar) techniques show good response to soil moisture variations* 
The effect of roughness can be minimised if the system is operated over the 
incidence angle range at frequencies between 1 GHZ and 4 GHZ (experimental data 
f^l0% of full scale from dry to saturated soil)* (Continued on page 3) 

P/L REQUIREMENTS BASED ON; ® PRE-A,D A, □ B,D C/D 

6. RATIONALE AND ANALYSIS: 

a) Requirements are baaed on user needs in crop yield prediction, water supply 
forecasting, watershed modeling, flood area assessment, and snow run-off 
forecasting. Many of these applications could tolerate initial resolutions 
up to 4 KM diameter spot size. 

b) The requirement to measure to a soil depth of 50 cm is particularly useful 
in crop yield surveys during seasonal measurements when the plant is 
obtaining water from the deep portion of the roots. 

c) Technology advance i? applicable to the following payloads: EO-08A, Earth 

Observatory Satellite, and E0-61A, Earth Resources Survey Operational 
Satellite. Both of these payloads will be active throughout the 1979- 
1991 period. 

d) The development program required for this technology advancement should 
include fabrication of experimental models and testing in aircraft. 

Ground truth sites will be required, as well as corroborating measurements of 

emissivity through IR scannex’S, 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. GE-2.17 


1 . TECHNOLOGY REQUIREMENT(TITLE) : SOIL MOISTURE SENSOR PAGE 2 OF _4 


7. TECHNOLOGY OPTIONS: 

The choice of microwave techniques over optical sensing in the UV-VIS-IR 
spectral region is dictated by the requirements for all-weather capability, 
penetration of vegetation canopies, and moisture measurement below the soil 
surface. Within microwave techniques, the principal options are passive and 
active (radar) . Although a passive system would be desirable for its simplicity 
of implementation, its resolution capability is limited to several kilometers 
spot size. The illumination frequency is an important parameter to be 
selected. L-Band looks promising. Ikiltiple radar frequencies, with duel polari- 
zation is a possibility. The use of a combination of active and passive 
channels is a possible option. For instance, Dr. Fawwaz T. Dlaby, director of 
RemoteSensing Laboratory at the University of Kansas would propose the following; 

(Continued on page 3) 


8. TECHNICAL PROBLEMS; 

The principal problems to be solved relate to the correlation of the microwave 
return signal with soil moisture content under a large spectrum of operational 
variables, including soil composition, soil structure, vegetation type/ 
geometry /density, and observation incidence angZe. 


9. POTENTIAL ALTERNATIVES: 

a) Should the stringent resolution limits that are required prove to be Un- 
feasible, it may be necessary to rely on aircraft microwave measurements to 
this application. Space-based observations would be used merely for 
correlating . 

b) Large number of in-sltu moisture settsors could be installed in a network of 
ground instrumented platforms (e.g,, one platform per 16 KM^ with data 
relay link through satellite systems. (Coixtiuued on page 3) 

I'O . PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: . 

RTOP #W74-70514, JSC, Joint Experiment on Remote Sensing of Soil Moisture, 
addresses the problem of proving feasibility of measurement by means of ground- 
based and air-based observations . RTOP-177-51-41 deals with microwave techniques 

for remote sensing. It is estimated that a 1980 flight target of this sensor on EOS 
will not be met unless a comprehensive sensor development program is continued 
during the interim period. 

EXPECTED UNPERTURBED LEIUSL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

The development of synthetic aperture radar imaging techniques will be directly 
applicable to this technology advancement. Investigations such as the Shuttle 
Imaging Microwave Sensor (EO-05S) may be significant in defining the degree 
to X"jbich advanced, passive microwave sensors will provide data for 
soil moisture surveys. 
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DEFINITION OP TECHNOLOGY REQtnREMENT NO. Qg2«17 


1. TECHNOLOGY REQUIREMENT (TITLE); . SOIL MOISTDEE PAGE 3 OP^ 

SENSOR 


5. DESCRIPTION AND TECHNOLOGY (Continued) 

generated under the KPOP #W74- 70514, JSC, Joint Experiment on Remote Sensing o£ 
Soil Moisture) . Also, for the same sensor parameters, radar signals can easily 
penetrate vegetation and measure a response due to soil moisture (1,2) , 


7. TECHNOLOGY OPTIONS: (Continued) 

Radar 

Frequency ; 1-3 GHz range 

Inoidence angle range; 7-15° 

(lunar sounder synthetic aperture can 
Polarization: Probably HH 


Radiometer 

Same as radar (with small offset 
to avoid interference 
Nadir 

used) 

Either (Nadir) 


9. POTENTIAL ALTERNATIVES; (Continued) 

The selection of the optimum number and 

location of ground sensors would require detailed surveys of soil types, soil • 
structure, topography, and climatological conditions over the geographic areas 
of interest. 



DEFINITION OF TECHNOLOGY REQUIREMENT NO. 2.17 

1. TECHNOLOGY REQUIREMENT (TITLE); gnrT i=iENS0R ^ 

12 . TECHNOLOGY REQUIREMENTS SCHEDULE ; 

CALENDAR YEAR 

SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 

1. ANALYSIS 

2. DESIGN 

3. FABRICATION 

4. AIRBORNE TESTS 

5. SHUTTLE SORTIE C/O 


i 

A. 





















APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4. 





— 













r- 
















13. USAGE SCHEDULE; 


TECHNOLOGY NEED DATE 

















1 

’pTAL 

NUM.BER OF LAUNCHES 






1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

12 


14. REFERENCES: 

1. "Radar Measurement of Soil Moisture Content", ORES Technical Report 
#177-35, by F. T. Ulaby (Contract NAS-9- 10261) . 

2. "Geoscience Specifications for Orbital Imaging Radar", by J. W. Rouse, Jr. 
(Contract #NAS- 1-11276) , 

3. "On the Feasibility of Remote Monitoring of Soil Moisture With Microwave 
Sensors", by Newton, Lee, Rouse and Paris. Paper by IMSC at 9th Inter- 
national Symposium on Remote Sensing of the Environment. 

4. "Radar Response to Vegetation", Ulaby, F. T,, IEEE Trans, on Antennas and 
Propagation . Vol. AP-23, No. L, January 1975; also see ORES Technical Report 
177-42, Uriiversity of Kansas Center for Research, Inc., Septeiriber 1973. 

5. "Radiometer- Scatterometer Soil Moisture Detection", Eagleman, J,, and F, T, 
Ulaby, Proceedings of the American Astronomical Society Meeting . August, 197^ 
Los Angeles , California. 


15. LEVEL OF STATE OF ART 

X. BASIC PHENOMENA OBSERVSD AND REPORTED, 
a, THEORY FORMULATED TO DESCRIBE PHENOMENA. 

3. THEORY TESl'ED BY PHYSICAL EXPERIMENT 

OK MATHEMATICAL MaoE L , 

4. PERTINENT FUNCTIOM OR CHARACTERISTIC DEMONSTRATED, 

MATERIAL COMPONENT, ETC^ 


5. COM3?Ol?ENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABORATORY. 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TEffTED IN SPACE ENVIRONMENT, 

B. NEAV CAPABILITY DERIVED FROM A MUCH LE^ER 
OPERATIONAL MODEL. 

RELIABILITY UPGRADING OF AN OPERATIONAL MODEL, 
10, LIFETIME EXTENSION OF AN OIL RATIONAL MODEL , 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


jijO, GE~2«18 


1. TECHNOLOGY REQUIREMENT (TITLE) : Range and Range Rate pAGE 1 OF 5 

Sensing 

2. TECHNOLOGY CATEGORY; Sensors 

3. OBJECTIVE /ADVANCEMENT REOmRED; Range and range rate sensor suitable 
for automatic rendezvous /docking of the teleoperator to the disabled or service- 
able spacecraft, and for gravimetric measurements in Earth and Ocean Physics. 

4. CURRENT STATE OF ART; RRR sensor weighing less than 5 KG and capable 

of satisfying the teleoperator requirements does not exist, according to the 
report in re ference #1, HAS BEEN CARRIED TO LEVEL 4 

5. DESCRIPTION OF TECHNOLOGY 

(A) The teleoperator system requirements are to measure range to non-cooperative 
(disabled) targets from 3 KM to 1.5M, range rate from 6M/S to 1 cm/sec. 
Maximum system weight; 4.5 KG, maximum pother 15 watts. The weight and 
volume constraints for this application are not considered within the state 
of the art. 

(B) Earth and Ocean Physics application require measurements of range to 2 cm, 
and range rate f- 0.003 cm/sec. The state of the art is approximately 20 cm 
range accuracy and 0.03 cm/sec. 


P/L REQUIREMENTS BASED ON; □ PRE-A,!] A,Q B,n C/D 

6. RATIONALE AND ANALYSIS: 

a) The range requirement of 3 KM considers the possible deployment of the 
teleoperator assembly by the Shuttle or Tug at that distance away from the 
spacecraft to be serviced. Ground or TDRS-assisted tracking would be employed 
for longer ranges. Range rates down to near zero will be required during 
delicate close - in and docking maneuvers. Physical size and weight limi- 
tations are imposed by the overall teleoperator spacecraft weight and volume 
allocations . 

b) Payload No. LS-04S, Free Flying Teleoperator, EOF will benefit specifically 
from this advancement. Other beneficiaries are the sub -satellites requiring 
deployment and retrieval from the Shuttle or Tug. The GRAVSAT system will bene- 
fit from this technology, in the Earth and Ocean Physics discipline. 

c) Attainment of the desired advancement will increase the reliability and 
utility of the teleoperator system in a large variety of potential space 
applications. Precision range and range rate measurements are important in 
mapping the earth's gravity field for earthquake hazard assessment applications, 

d) To be incorporated in the teleoperator design, the range and range rate 
sensor prototypes should be successfully demonstrated in ground tests. 


TO BE CARRIED TO LEVEL £ 






DEFINITION OF TECHNOLOGY REQUIREMENT 


NO, gf-2.18 

1 , TECHNOLOGY REQUIREMENT(TITLE) ; Ranae and Range Rate PAGE 2 OF J. 
Sensing 

7. TECHNOLOGY OPTIONS: 

Laser or RF ranging techniques should be considered as options. Power consumptior 
and pointing requirements may necessitate that a microwave system be used 
for coarse RRR sensing and laser be employed for fine sensing. 


8. TECHNICAL PROBLEMS; 

1. Implementation of a system to meet the stringent specifications within the 
weight and power constraints constitutes the technology problem. 

2. Determination of accuracy limits imposed by ionospheric irregularities and 
tropospheric refraction on range and range rate measurements involving ground- 
to-space paths (Reference #3). 

3. Specification of technique best suited for minimising propagation errors in 

each application (See notes on the next page’>. 

9. POTENTIAL ALTERNATIVES: 

The use of three-dimensional television for close-in maneuvers was considered 
in early teleoperator concepts (see reference 2). 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

Related programs; RTOP No. 970-63-20, Teleoperator Control & Manipulation; 
RTOP No. 502-33-95, Video Guidance, Landing and Imaging System for Space 
Programs 


EXPECTED UNPERTURBED LEVEL ^ 

11. RELATED TECHNOLOGY REQUIREMENTS; 

None identified. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLE):. RANGE AND RANGE RATE _ 

SENSING 

PAGES OF 5 




8* TECHNICAL PROBL®!S (Continued) 


NOTES ; Dr. Roy E. Anderson (GE, Corporate Research and Development Laboratory) 
discusses the ionospheric and tropospheric problem and some of the work that 
has been performed to date; 

"We have investigated the effects of the ionosphere and troposphere on the 
accuracy of range and range rate measurements of missiles and spacecraft. 

"A radio signal is delayed as it passes through the ionosphere. At VHF 
frequencies, the delay may be equivalent to 2000 meters range error at midday. 

The effect varies as 1/P^, hence it is much smaller at higher frequencies. One 
way to correct for it is to employ two coherently related, widely separated 
frequencies, measure the difference in their phase at the receiver, and apply a 
range or range rate correction according to the 1/F^ relationship. The method 
has been applied very successfully in the Navy Transit satellite navigation 
system. Another, less accurate approach is to apply corrections based on ion- 
osphere models. 

"The ionosphere usually contains irregularities in electron density re- 
sulting in horizontal gradients that cannot be individually described by a model, 
The two- frequency method is one way to measure the irregularities, 

"We have calculated the effect on missile velocity measurements of the hor- 
izontal gradients of electron density and find that at L-band, 1500-1600 MHz the 
apparent rate of change of range due to changing electron content along the ray 
path can far exceed the specifications stated in GE-2.18. 

"We have also considered the effect of tropospheric refraction on the 
measurement of range rate. Tropospheric refraction causes a bending of the ray 
path from an object above the earth to a measuring device near the earth's sur- 
face. The effect is independent of frequency. An error in the measurement of 
range rate results when the object is at a low elevation angle and moving with a 
high velocity component toward or away from the measuring device. Bending of 
the ray path results in a slight error in the viewing angle at the fast moving 
object. Observed doppler frequency shift, hence velocity, is a function of the 
viewing angle. The cause of the error is described more completely in "A SurvAy 
of Tropospheric, Ionospheric, and Extra Terrestrial Effects on Radio Propagation 
Between Earth and Space Vehicles" by G. H. Millman, GE Report TIS R66®m, 
presented at NATA-AGARD Symposium on "Propagation Factors in Space Communications", 
Rome, Italy, Sept. 21-25, 1965. The report also contains data for calculating 
the magnitude of the effect. As an example, the troposphere X'jill cause a vel- 
ocity measurement error as large as ten feet per second for a missile at 30 KM 
altitude traveling 20,000 feet/second, viewed at an elevation angle of 10°. The 
error may be corrected to within 5 or 10% of the total error by the measurement 
of atmospheric temperature, pressure, and humidity at the receiving site. 

(Continued) 
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DEFiraTION OP TECHNOLOGY REQUIREMENT 


•fJOp? E2.18 


1 TEr-FNf^T,noVRT:QTTTT?Ti MEN T (TtTT.E)* RAMGE AMD EANGE RATE PAGE4 OF_^ 

SENSING 


8. TECHNICAL PROBLMS (Continued) 

studies and experiments to date suggest that the propagation effects 
must be considered in any application requiring high accuracy in range and 
range rate measurements . The relatively small amount of data from our own work 
and from other sources points up the problem, but much more data are needed 
before the magnitude of the problem can be defined precisely and applied to 
specific applications. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO, GE-2,18 


1. TECHNOLOGY REQUIREMENT /TITLE)! PAGE 5 OF _5_ 

Sens ing I 

12. TECHNOLOGY REQUIREMENTS SCHEDULE; 


SCHEDULE ITEM 

TECHNOLOGY 

1. Lab Investigation 

2. Prot. type Design 

3. Prototype Fabrication 

4. Ground Tests 

5. Space Demonstration 

APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 


CALENDAR YEAR 



13. USAGE SCHEDULE; 

TECHNOLOGY NEED DATE 
NUMBER OF LAUNCHES 

14, REFERENCES; 



(1) Shuttle Free-Flying Teleoperator System Experiment Definition, 

Contract NAS-8-27895, Report #D7425-9 53004; and Contract KAS-8-29153, 
Report #D7425-953008 (Bell Aerospace Go.) 


(2) Application of Remote Manipulation to Satellite Maintenance, Contract 
NAS -2-5072. 


(3) "Ionospheric Phase Fluctuations of Satellite Transmissions", By George H, 
Millman and Ray Anderson (General Electric Company) , JoumBl of Geophysics 
Research, Volume 73, NunOser 13. 


15. LEVEL OF STATE OF ART 

1. BASIC PHENOMEMA OBSERVED AND REPORTED. 

2. THEORY POHMULATED TO DESCIUBE PHENOMENA. 

3. THEORY TESl’ED BY PlIYaCAL EXPERIMENT 

OR MATHEMATICAL MODEL, 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 
E.G.. MATEIUAL, COMPONENT, ETC. 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABORATORY, 

6. MODEL TESTED IN AIRCRAFT ENVIRON31ENT. 

7. MODEL TESTED IN SP.ACE ENVIRONMENT. 

3. NEW CAPABILITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

9. RELIABILITY UFGRADINC OF AN OPERATIONAL MODEL. 
10. ilPETIMB EXTENSION OF AN OPERATIONAL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. C-2. 19 

_ .. - , jtiigh Resolution jehoton * 

1 . TECHNOLOGY REQUIREMENT (TITLE) : Counting Detector PAGE 1 OF ii. 

Improve hi^ resolution angular coverage; improve resolution; improve dynamic range. 

2 . TECHNOLOGY CATEGORY: Sensors 

3. OBJECTIVE /ADVANCEMENT REQUIRED: Obtain 0.03 arc sen resolution over a. 

7 

300 to 375 arc sec field with a photon counting dynamic range >10 . (Desired image 

area 200 to 500 mm dia. ) . At least 20000 x 20000 picture elements will be needed to 
obtain 0.03 arc sec resolution. 

4. CURRENT STATE OF ART: A SEri-Orthinon of VRinm dia. witb a rea.d area, of 50 x 

50 mm and a resolution of 33 lines/mm at 80% MTF is currently being developed. 

HAS BEEN CARRIED TO LEVEL ^ 

5. DESCRIPTION OF TECHNOLOGY 

For large visible H^t/UV telescopes, there is need for a larger area detector capable of 
0. 03 arc seconds resolution over a 300 arc second field when operating in a photon count- 
ing mode. To enable more complete imaging of astronomical objects in a 300 arc sec 
region, a dynamic range >10*^ is desired. The large high resolution photon counting 
detector enables observers to obtain a maximum of the hi^i resolution angular coverage 
available from large telescopes such as the LST. The increased coverage of the detector 
improves observation efficiency for detailed surveys per unit time by a factor of 100. 

It is predicted that read areas up to 500 x 500 mm, capable of 50 lines per mm at 80% 

MTF may be possible. Previous or current technology development objectives were to 
obtain a 50 X 50 mm read area with a capabiliiy of 33 to 40 lines/mm at 80% MTF . 

Noiseless gain or electron multiplication (intensification) in parallel format is desired 

after the initial conversion from incoming photons to electrons . 

(Cont’d on Page 2) 

p/L REQUIREMENTS BASED ON; [gPRE-A ,D A,D B,D C/D 

6 . RATIONALE AND ANALYSIS: 

a. High resolution coverage of a large visible light and UV telescope operating in space 
from an automated satellite is currently limited by the detector angular (and area) 
coverage. The optical systems can provide up to 100 times the high resolution image 
plane area or field that our best high resolution electronic imaging devices can use. 

b. The follow-on or later flights of payloads such as AS-Ol-A, Large ^ace Telescope; 
AS-14-A, Im UV Telescope; AS-04-S, Im Diffraction limited UV Optical Telescope, 
as well as AS-03-S, De^ SIcy UV Survey Telescope, can benefit from development of 
large angular field, large area detectors. 

c. The development of resolution, large area detectors with read areas between 

200 X 200 mm and 500 500 mm will enable better utilization of observation oppor- 

tunities and produce from 10 to 100 times more information per observation. 

d- Satisfactory development of Hie photon countir^ detector wiU be complete when a 300 arc 
sec field has been imaged in space to a 0. 03 arc second resolution. An earlier feasibil- 
ity milestone will include building a smaller 200 x 200 or 1000 x 1000 pixel photon 
cQuntii^ device expandable to the larger one. 

A full scale version will be tested in space, e.g, . shuttle 'flight. 

TO BE CARRIED TO LEVEL J_ 
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DEFINITION OF TECHNOLOGY REQXIiEEMENT NO. 

mgh jxesoiuuon Jt'notou =—==s= 

X. TECHNOLOGY SEQUIREMENT (TITLE): . Ctotmtlng Detentor PAGE 2 OF 14. 

Impi'‘qv6.MgIi resolution angular coverage; improve resolution; improve dynamic range. 

5. description OF TECHNOLOGY (oont'd) 

Since it may be difficult to obtain one photon counting detector to cover IR (S /im to 0. 7 jim) 
visible light (0. 7 pm to 0.4 pm), and UV (0.4 pm to 0.09 pm) in one instrument, several 
instrument lypes may be necessary. 

7. TECHNOLOGY OPTIONS 


Low f-^number optical systems can achieve 100 times greater limiting MTF than many 
typical sensors but are only a few times better than the highest resolution sensors such as 
the RCA Return Beam Vidicon. On the other hand, high sensitivity sensors such aS the 
Orthicon, Isocon and EBS/SIT can trade f-number for diffraction limit until they exceed the 
information gathering capability of film if the optical system is optimized for electro- 
optical systems. An increase in sensor capability to 5000 x 6000 elements would be more 
than sufficient to achieve the Increased field-of-view desired for a few purposes; however, 
the desired angular coverage would not be achieved. When one lodes in a given direction 
with a long time exposure, all the details in the whole fine resolution field ought to be 
obtained in order to maximize observing efficiency. 

(oont’d on page 3) 




DEFINITION OF TECHNOLOGY REQUIREMENT NO. C-a.in 

“ Migia Resolution J^hoton TZ^TT 

1. TECHNOLOGY REQUIREMENT (TITLE) ; Counting Deteotor PAGE 3 OF J4. 

Improve resolution over 300 ai’c sec FOV; improve dynamic range 


7. TECHNOLOGY OPTIONS: (cont'd) 

Practical detector devices for the 0.1 to 2.0 /^m spectral range can be organized into 1 

three classes; (a) photon to electron converter + electron multipliers such as micro- ' 

channel plate photomultipliers and image intensifiers; (b) solid state devices such as 
photoconductors, photodiodes, and photo-transistors, IC CCD's, and (c) hybrid storage . 

+ amplifier devices such as electronic camera tubes including SEC vidicons, SIT vidieon, ' 
SEC-orthicons. Most practical devices are hybrid. Solid state devices may be used in 
arrays coupled to image intensifiers. Overlapping selected bands in the 2 jum to 0, 1 /xm 
spectral range are covered in discussion of options for imaging detectors, which follows; 

These devices are considered in more detail below. The key detector element in vacuum 
devices is the photoeathode where incoming radiation is converted into electrons which 

are emitted into vacuum for subsequent processing. It is the photocathode therefore, 
which has received emphasis in the discussion of vacuum devices rather than the devices 
themselves. 

Quantum counters have been examined for many detector applications, including imaging, 
but are relatively inefficient and have an optical detection bandwidth too narrow for most 
applications. However, recent experiments indicate that investigation into these naturally 
band limited devices may need to be resumed. (Some work on stimulated emission infra- 
red sensors has been accomplished by Varian.) 

Several important advances have been made in recent years in materials and device 
technology for detectors in this spectral range. Examples are the introduction of the 
negative electron affinity photoeathode, the development of the silicon diode array vidieon, , 
and the low-noise , high-gain silicon avalanche photodiodes , and the demonstration of 
surface charge-coupled imaging arrays. These developments have led to an increasing 
degree of commonality in the materials technology applicable to both vacuum and solid 
state devices. For example, negative electron affinity photocathodes with gallium arsenide 
sensing layers can be described by the same diffusion model for carrier transport as would 
be gallium arsenide p-n junction photodiodes. This is in contrast to conventional multi- 
alkali antimonide photocathodes whose operation has largely defied all but the crudest 
anal 3 dical treatment. This has been an important factor in the developing materials 
technology of the new photocathodes. The rapid development of planar integrated circuit 
technology has affected the size and quality of pre-amplifier and amplifier packages for 
detector elements and television cameras and of power supplies for image intensifiers 
and detectors alike and is responsible for the fabrication technology for silicon diode 
array vidieon targets. Finally, the surface charge -coupled devices offer a highly flexible 
technique for self-scanned, imaging detector arrays with the possibilities of low-noise 
operation and integrated signal processing. 


(Continued on Page 4) 




DEFINITION OF TECHNOLOGY REQUIREMENT 




1. TECHNOLOGY REQUIREMENT (TITLE): 

Improve resolution over 300 arc sec FOV; improve dynamic range 


PAGE 4 OF 14 


7. TECHNOLOGY OPTIONS: (Cont'd) 

Considerable emphasis has been placed here on basic photodiode detection processes with- 
out a discussion of classical photoconductors . To a large extent, this is a reflection of the 
growing importance of photodiodes in detector systems for this spectral range. The 
photoconductor is a slab of extrinsic (doped) material with ohmic contacts at both ends. 
Signal generation occmrs when incident light reduces the dark resistance of the material, 
allowing increased current to flow when bias is applied. These devices frequently can be 
made to exhibit gain due to minority-carrier trapping at controlled defect sites. When 
this occurs, excess majority carrier current will flow until the trapped minority carriers 
are neutralized. For die most part, U-VI compounds such as ZnS, SnSe, CDS, CdSe, and 

I CdTe have been used as photoconductive detectors. Control of the doping level, trap type, 

I and distribution is critical if reproducible results are to be obtained. 

* The gain mechanism itself provides a limitation on useful performance. Since the gain is 
achieved by a trapping process, changes in input light level will not be manifested until 
trapped carriers are ejected and swept out or neutralized. High gain, however, requires 
long trapping lifetimes so that these devices tend to have slow response times. This is 
particularly acute at low light levels. The dark current in photoconductors is predominant- 
ly due to majority carriers. Since this current sets the low-level threshold for detection, 
suppression of dark current can be achieved by reduction of the doping level or cooling, 
both of which reduce the number of majority carriers available for recombination with 
trapped minority carriers which increases trapping lifetimes. In reality, the behavior of 
trapping lifetime with temperature or doping level may be considerably more complicated, 
depending on the energy level of the trap in the forbidden band and the capture cross sect- 
ions for both types of carrier. In general, however, speed of response becomes an in- 
creasing problem as detection threshold is reduced. 


Noiseless gain has been achieved in special forms of electronographic cameras, however, 
an electronographic camera does not lend itself to computer compatible readout from 
an automated satellite in orbit. Therefore part of the research problem for the high 
resolution photon coimting detector is to provide appropriate digital accumulation and 
readout of the residtant frame for each stabilized observation period. 

One of the options proposed by Fred Schaff of Westinghouse suggests the following approach. 

0 

a) Achieve the current diode density of 4 x 10 diodes per square inch used with 
SIT/E BS sensors in a back illuminated, thinned CCD or CID. 

b) Design the above device to either 25 or SO millimeter squared chips with registers, 
amplifiers, etc. , masked on the back of the chip to allow edge buttlt^ on all fcur sides 

c) Assemble 100 25-millimeter square or 25 50-mlllimeter square chips on a stiffened 
avixiliary surface. 

(continued on page 5) 
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DEFmmON OF TECHNOLOGY REQUIIIEMENT NO. 2.19 

===s============::====s^^g=||^^==^^^========== 

1. TECHNOLOGY REQUIREMENT (TITLE); CdliatiDg Detector PAGE 5 qf 14 


7. TECHNOLOGY OPTIONS: (Cont'd) 

d) Use Item (c) in direct ph.oton.~in mode for 20, 000 x 20, 000 array with silicon 
spectral capability. 

e) Process in space a 500 x 500 millimeter photocathode on the desired surface and 
mount in a proximity focused mode on the array of Item C, and operate unenclosed 
relying on tlie space vacuum. This retains the 20, 000 x 20, 000 element resolution 

but adds essentially noise free gain of 3000 to 5000 with a variety of spectral re- 
sponses as a fanct'* >n of the photocathode/faceplate combination. 

f) True photon counting requires sufficient gain to aEow a single photon event to stand 
out above all noise sources. Since most noise sources are a function of bandwidth 
and, in turn, bandwidth is dependent on frame time and number of resolution 
elements, an exact value of required gain cannot be specified but is generaEy above 
10® for a reasonable system. This would then require additional stages in addition 
to the detector of Item (e) which could be achieved in a single stage with micro 
channel plate intensifiers if channel size can be reduced to the 12 micron or smaller 
size of the diode array. 

7 

g) The combination of dynamic range of >10 and 20, 000 x 20, 000 picture elements 
requires 4 x 10® words at 24 bits per word, or 9. 6 x 10® total storage which, in 
itself, represents an improvement in the state-of-the-art for memory systems in 
space. Using the sensor as a photon-counter requires only 2 bits per picture elemeni: 
per frame, but the rate of photon arrivals for all but the dimmest objects requires 
frame times in the order of fractions of seconds to perhaps 10 seconds. This would 
require real time computations on the order of 80 megabits per second at the 10 
second frame time or higher. 
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DEFINITION OF TECHNOLOGY REQtEREMENT 

NO. -2.jta 

‘ 1. TECHNOLOGY REQUIREMENT (TITLE):. 

PAGE 6OF0i_ 



8. TECHNICAL PROBLEMS: 


' a, Suppressioa of spurious pLoton counts, background or thermal noise 
I b. Deviation of focused sm’face from ideal flat image plane. 

1 e. Quantum efOtciency versus selected spectral bands. 

■ d. Methods for data readout in reasonable time, preferable less than exposure time per 
sampled frame 

i e.. Metric and photometric stability. 

! f. Current devices have a poor dynamic range. 

; g.. Necessity for processing immediately at the detector, 
i h. Need for noiseless gain. 

■! A. more detailed discussion of some possible technical problems follows: 

] 

Avalanche multiplication often degrades the frequency response of a photodiode due to the 
feedback effect of the multiplication process. If both electrons and holes cause ionization, 
the duration of a current pulse will increase with multiplication. In general, a distribu- 
tion of ionization lengths and times exists, and the pulse vriLE cut off only when aE car- 
riers are finaEy swept from the field region. The pulse has, in the meantime, increased 
in length. 

2 2 
; Alternatively CFCw, a)] ' ' has been degraded and becomes C F(uj,q:, M)] , a decreasing 

; function of tlie avalanche gain, M. If the electron and hole ionization rates is somewhat 
different. The frequency response of the diode wiE degrade by a factor of two at most 
but a large increase in detector gain bandwidth product is possible. Thm is only true if 


(continued on page 7) 




DEFIMTION OF TECHNOLOGY REQUIREMENT 


NO« C-2.19 


"MM 


jitio^^hoton 


1. TECHNOLOGY REQUIREMENT (TITLE); 

Impi’ove resolution over 300 arc sec FOV; improve dynamic range 


PAGE 7 OFil 


8. TECHNICAL PROBLEMS (Cont'd) 

the carrier with the largest ionization rate initiates the avalanche. The frequency depend- 
ence of the avalanche gain itself is absorbed into a factor [M(to)]^ multipljdng [F( to, 0 !,Mj] 

In principle, the signal-to-noise ratio is substantially independent of gain when the ionizationj 
coefficients are grossly disparate. (a= absorption coefiiicient) 

The underlying assumption regarding photodetectors with more than one noise source 
present is that no correlation exists between the noise sources, so that their respective 
noise "euri'ents" may be added in quadrature. The four noise sources considered here 
are Johnson (thermal) noise, shot noise, if noise, and avalanche multiplication noise. 

Bulk generation-recombination noise is frequently found in photoconductors and is generally 
equal in magnitude to the shot noise but does not contribute in jimction devices . While all 
noise sources have a frequency dependence, particularly at high frequencies, the low- 
frequency case (OJ<i/r) will be assumed here for simplicity. (The following noise dis- 
cussions are repeated here for convenience only; they are credited to NMAB287, Materials 
for Radiation Detection, Jan. 1974:, National Academy of Sciences/National Academy of 
Engineering. 

Johnson Noise - Solid-state detectors, photomultipliers, and vidicon camera tubes 
generally have associated with them a load resistor across which a signal voltage is 
developed by the device output current. While not pari; of the detector itself, tlie load 
resistor is frequently a limitation on the perfomnance of the detector package. Further, 
in some detectors, series resistance in the detector itself may influence device perfor- 
mance. In both cases, random thermal motion of carriers tlmou^ the material gives 
rise to fluctuations in the current. The mean square noise current is then given by; 

. ^ 4kT &f 

I JN ) " R 


Equation 5. 5 


where k is Boltzmann's constant, T is the absolute temperature, Af is the measurement 
bandwidth, and R is the value of the load or series resistance. (JN = Johnson noise) 

Morton has pointed out that a deliberate or parasitic capacitance, C, in a photodiode 
circuit may limit its performance as a photon counter. In conjunction with the diode 
load resistance, R, die bandwidth Af = 1/RC or R = 1/GAf . In these terms. Equation 
(5 . 5) becomes : 


(T^l 

^ JN/ 


kT 2 
4e(^ C)Lt ^ 


Equation 5, 6 


(continued on page 8) 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

T"! ! Higii iiesomtion jf noton 

1. TECHNOLOGY REQUIREMENT (TITLE) ; _Cqunting Detector 

Improve resolution over 300 arc eec Fnv^ iiDp-mva tlyna.TinlQ range 
8. TECHNICAL PROBLEMS; (cont'd) 


NO. i 
PAGE 8 OF 14 


Shot noise - In solids it is possible for the density of carriers to fluctuate about the 
steady-state value. Such fLuctuations occur in the emission of electrons by a cathode or 
the arrival of photons at the surface of the detector. In all cases, the mean square shot 
noise current associated with a current, I, is given by; 


/■i„ t) 2eIAf ^ Equations.? 

' SN / (SN = shot noise) 

where e is the electron charge. The current, I, includes both signal and dark current. 

photons at a ^ecific wavelength, K, with the flux photons/em -sec, are converted 
into signal electrons with die efficiency rj (K). Consequently, fluctuations in^Q will be 
reproduced in the signal current but will correspond to the reduced arrival rate * 
signal current used in Equation 5. 6 for a detector of area A is then; 


! 


I = e'i\4>^A I 


Equation 5.8 


Dark current in semiconductor diodes (including photo cathodes) arises from either 
thermal generation across the gap or through impurity centers (traps) with energies 
located ^vithin the forbidden band. In p-n junctions, the generation-recombination process 
talces place primarily within the junction depletion region. The current due to bandgap 
generation outside the depletion region is given by; 



Equation 5.9 


where contributions from the n-type side of the junction have been suppressed and the 
diode is assumed to be heavily reverse biased, Dn and are the diffusion constant and 
lifetime respectively of electrons in the p-lype region, n^ the intrinsic carrier density, and 
Na the acceptor doping density. The trap generation current, Ig, is found from the ex- 
pression; n W 

Ig “ e A , Equation 5. 10 

e 

where W is the width of the depletion region, t© is the effective electron lifetime due to 
traps in the depletion layer and varies inversely with trap density. 


It is important to note that generation-recombination current increases with the width of 
the depletion region and the inclusion of more trapping centers. Since the carrier densi- 
ties are suppressed due to sweep-out by tlie field, only the generation process is signifi- 
cant with the trap alemately emitting electrons and holes as indicated above. 


The shot noise current contributed by these processes is then given by; 

2 nW ■ 


n~~^ 2 r --n . 

I ^SN/= 2e 


D -h 

* ^ ^ X 


n 


N, 


+ 


-3 Af. 
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Equation 5. 11 
(CO ntinued pn page 9) 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C~2. 19 


High Kesoiution piioton 

1. TECHNOLOGY REQUmEMBNT (TITLE) ; Comting Detector 
Laprove resolutioii over 300 arc sec FOV: improve dynamic rangfi 


PAGE 9 OF J4. 


8. TECHNICAL PROBLEMS; (cont'd) 


ip Noise - The surface of the detector material, particularly near a junction may con- 
tribute a separate noise current, one source of which is generation-recombination events 
due to surface states. The noise current can be represented by; 

2 



BI Af 
f 


Equation 5. 12 


where B is an empirical constant, Suppression of this source of noise is critically 
dependent on the passivation of the detector surfaces and consequently is strongly related 
to the materials technology available for a particular material. 


Avalanche Multiplication Noise - Current amplification by avalanche multiplication is 
an internal secondary ’'emission" process and as such is subject to fluctuations in the 
mean carrier gain per incident carrier, the multiplication factor M. Tliis process then 
gives rise to an additional noise current 




Equation 5. 13 


When electron and hole ionization rates are related, 0:^ McIntyre has shown 

that 

. ■ ' 2 

I “ 2eIM ji - (1-k) || j ^ Equation 5. 14 

for injected electron current. 

A special case of the diode noise treatment is the negative affinity photocathode, which 
should exhibit no avalanche noise since the fields are insufficient to support amlanche 
multiplication. It is doubtful if eitlier thermal noise or 1/f noise would be present in the 
photoemission. Consequently, the noise current from this device will be the sum of con- 
tributions given in Equation (5. 12) from the photon flux and carrier generation in the 
bulk and the surface band-bending (depletion) region. The relative contributions to 
dark cirrrent and total noise currents in negative affinity photocathodes were treated 
by Bell, who concluded that generation currents from the band-bending region and sur&.ce 
states would dominate die daz’k current. 

As in the case of detectors in die far infrared, a figure of merit can be defined for these 
detectors. The ideal detector is limited in performance only by shot noise in the in- 
coming photon signal. The signal-to -noise ratio can them be written as; 

^ _ _S = = ,, 

N 2el^ Af 2hf*' 2hvAf 

where Equations (5.7) and (5. 8) have been used and P^ = input power density 

with photon energy hv. The threshold power Piji is defined for S/N = 1 as; 

(continued on page 10) 




DEFINmON OP TECHNOLOGY REQUIREMENT 

Jiiffla iiesoXutdLon Pliotdn 

1, TECHNOLOGY BEQUIREMENT (TITLE) ; Coimling Detector 

Improve resolution over 800 aro s ec POV; improve dyna mic range 


NO, 

PAGE loop 14. 


8. TECHNICAL PROBLEMS: (cont'd) 


P = 
T 


2hv 


1) A 


Af (watts/cm ) , 


from wMch the noise eg[uiv&).ent power (NEP) is given hj: 


PA 
NEP =-^T- 


(&f) 


2hv 


(Af)^ (watts/Ha^) 


and lihe limitin g detectivity D * becomes 

Xj 


D 


= A 


NEP 


_J1_ 

2hv 


{- Y 

l^Af / * 




(cm-Hz /watt). 


V = quantum efELciency , 
electrons emitted per 
incident photon. 


Por example, at leV(«* 1. 2 pim), a detector with 100 percent quanti^ efB.ciency and an 
area of 1 cm^ feeding a 1 Hz bandwidth has a D*l = 3 x 10^® cm-HzVwatt. Real detector 
efficiencies will be less than 100 percent due to reflection, absorption, and transport 
losses and will result in reduction in the measurable D* even if otlier noise sources can 
be neglected. At wavelengtiis beyond 1.2 ;rm, the bladcbody backgro^d becomes the 
limiting fhctor with a resultant decrease in • Also as v D 0 as is 

apparent from the above definition. ^ 

The reader is advised that defined here differs from that used in the infrared in that 
it is not independent of area and bandwidtli. 


Real detectors seldom have efficiencies approaching unity unless gain is present in the 
detector itself (photoconductors or avalanche diodes). A detector with 10 percent intrinsic 
efficiency (witliout gain) can have unity efficiency at its termnmls if gain is present. How- 
ever, in many applications (imaging, photon counting) such a detector has irretrievably 
lost 90 percent of the available information. Por this type of detector, high quantum 
efficiency is imperative regardless of the current gain available or its location in the 
system. 

The material parameters limiting detector performance can easily be identified. The 
reflection and absorption coefficients are fimctions of the band structure, temperature, 
and, near tlie absorption edge, the impurity density. The reflection from tlie input 
surface can be minimized by an antireflection coating. 

The parameters t and /li in most semiconductors of practical interest are adversely 
affected by the defect density in the materials. The mobility is reduced by increasing 
scattering from dislocations, grain boundaries, vacancies, and impurity centers as 
material quality is reduced. Tlieae same defects result in shorter carrier lifetimes by 
acting as recombination centers when they appear in tlie bulk of the material and as darlc 
current generators when in a depletion layer . 


(continued on page 11) 
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DEFINITION OF TECHNOLOGY REQUIIIEMENT 


NO, 


2.19 


High liesoiutxoa i*not»n ' 

1. TECHNOLOGY REQUIREMENT (TITLE): Counting Detector PAGEllOFli 

Improve resolution over 300 arc sec FOV; improve dynamic range 


8. TECHNICAL PROBLEMS: (coat'd) 

The effect of surfeces is similar. Surface states arise ia part, due to a discontiau'ty 
in the material resulting in local surfe.ce strain and accompanying defect states. Growth 
of a detector material onto a substrate has a similar effect if the mechanical properties 
(lattice parameters and thermal coefficients of expansion) do not properly match. Extra 
states can be added, due to interaction with the environment, by adsorption of or chemical 
reaction witli foreign atoms. Controlled treatment of surfaces with foreign substances 
(passivation) can reduce or compensate simface states. The surface can act as a sinlt for 
both minority and majority carriers and as a source of extraneous noise. In addition to 
pure chemical or material treatment, it is possible in junction devices to provide an 
encircling junction or contact tliat is independently biased to prevent surface leakage from 
reaching the output junction. Similarly, if a passivation material is used, it is possible 
to deposit an encircling electrode on the passivator to further suppress lealcage with the 
passivator. Surface breal^down of avalanche diodes has been suppressed by diffusing 
an encircling junction (guard ring) contiguous with tiie detector junction but at a lower 
doping density so that surface fields are always much lower tlian in the built. 

Dark current is a potentially major li m itation for low-input -power levels and narrow- 
bandgap detectors if tlie output of tlie detector must be directly coupled to the amplifier 
or readout device. In tliis case, tlie operating temperature of the detector is reduced until 
an adequate ratio of signal to noise is obtained at tlie lowest input-power levels Hlcely to be 
encountered, or other limitations are encountered. In depletion layer devices such as 
fast photodiodes or avalanche photodiodes, the dark current decreases as kT/2 due to the 
trap generation process and increases linearly with depletion layer width and the trap 
density. Tliis implies that the temperature will have less effect on dark current than in 
die case of bullc generation, so tliat reduction of trap density is necessary to provide low 
dark currents. A simple numerical example will illustrate the magnitude of the difficulty 
involved. In a silicon diode at room temperature 10^^ traps/cm^ with energies at midgap 
will result in a dark current density of approximately 10 nanoamps/cm^ for a depletion 
layer widtli of 10 pm. Lower trap densities than this strongly push the state of the art in 
tlie materials. 

Note: (As noted before the noise problem is stressed in order to provoke development 
of concepts with a high probabilily of minimizing spurious responses and noise. The 
reader is invited to modify, delete, and replace portions of the preceding discussion 
in order to clarify the technology problem). 




DEFINITION OP TECHNOLOGY REQUIREMENT NO. 2.19 

Higii Resolution, .li^iiiDtoii ' 71 7^ 

1 . TECHNOLOGY REQUIREMENT (TITLE) j Co^ntliig Dstector PAGE 12 OF 14 

Improve resolutlott over 300 arc sec FOV; Improve dynamic range 

9. POTENTIAL ALTERNATIVES; 

a. Electromagaetioally focused image xateusifier such as being developed for AS-03-S, 
AS-13-A, Deep Slty UV Survey Telescope. (Wide field electronographie camera). 

b. An array of electronic cameras, segmenting or splitting high resolution field into 
zones. (However, tends to have different response per camera, making small 
differences difficult to detect. ) 

c. Bimat film with densitometer readout; combination of film images in densitometer 
output form on the ground, 

d. Electrostatic camera tubes. 

e. To achieve the gain required for photon counting, electron gain is required in the 
sensor. To achieve this and maintain the resolution requires either channel plate 
multipliers or multiple stages of electromagnetic focused intensifiers. The first 
would require 4;1 or greater reduction in channel size to perhaps 5 microns dia- 

1 leter. The latter would increase focus power requirements by the square of the 
diameter increase resulting in increase from the 50 watts of the 50 x 50 mm SEC/ 
Orthicon to Slew for a 500 x 500 mm sensor per stage. 

f. Shot noise of para. 8 can also come from the thermionic cathode and may or may 
not be the dominant noise source in a scanned integrating target sensor. Also, the 
ultimate noise performance of solid state devices such as buried channel CCD’s is 
still to be determined. 

g. Equation 5, 6 is given as proportional to C^ A by several references including 
L, D. Miller of R. C. A. in Photoelectronic Imaging Devices, Volume 1, Plenum 
Press, 1971. This form lias been experimentally verified and has obvious implic- 
ations on the requirements of selecting frame time, line number, and resolution 
elements to maximize signal to noise by selecting the proper Af. 




DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


" ^ High Resolution rnototi ~~ 

1. TECHNOLOGY REQUIREMENT (TITLE); Counting Detector PAGE13 OF 

Improve resolution, over 300 arc sec FOV; improve dynamic range 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

a. W74-70369 Astronomical Sensors and Imagit^ Systems for Large Space Telescopes, 
Lawrence Dunkelman, GSFC, 301-982-4988. 

b. W74-70358 (502-23-32) Astronomical Sensors and Imaging Systems for Large Space 
Telescope. 

G. Contract No. NAS-5-20069 Laii’ie High Resolution Integrating TV Sensor for Astro- 
nomical Applications, GSFC. 

d. W74-70358 (502-23-32) Automated Data Handling Techniques and Components, GSFC, 
B. H. Schaefer, (301)982-5184. 

l 

EXPECTED UNPERTURBED LEVEL 4 

11. RELATED TECHNOLOGY REQUIREMENTS: 

a. Provide means for compensating for relative shifts between guidance focal plane and 
high resolution camera focal plane to minimize angular shifts during total exposure 
period. 

b. If successive readout and superposition of images used in photon counting mode, 
image registration to 0.1 pixel. 

c. Angular stability during exposure, preferably to 0. 1 of resolution element or pixel; 
at least to one resolution element; enables better and more accurate photon counting 
per spatial element. 

d. Selectable bandpass filter, adjustable from 0. 1 nm to 10 nm at any wavelength. 

e. Parallel photon counters with a dynamic range of lO"^ are needed for each element of 
the 20, 000 by 20, 000 pixel detector array. A very large, real time, digital 
computer is required for this purpose and, to be usable, both the sensor readout and 
the computer cycle time mt^t be sufficiently fast so as to ensure a less than 10% 
probabiRiy of a photon event per picture element per frame from the object under 
observation. 



DEFINITION OF TECHNOLOGY REQUIREMENT 


High Resolution Rhoton 
1 . TEC HNOLOGY REQUIREM ENT (TITLE) ; Counting Detector 




NO.C-2.1& 


PAGE 14 OEJ-^, 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Tech. & Parametric 

Trades Analysis 

2. Design & Construction 

of Feasibility Model 

3. Feasibility Tests & Eval — 

4. Design & Construction — 

of Fun Scale Model 

5. Sortie Flight Tests (Partial Coverage 

I I I I 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations* 

4. 


13. USAGE SCHEDULE: 



TECHNOLOGY NEED DATIC i 
NUMBER OF LAUNCHES 


T1 .T1 T1 

T3 T2 ,T2 T2T2T2 T2 T2 T2 17 
T4 rr4 T4^3 


14. REFERENCES: 

a. S umm arized NASA Payload Descriptions, Automated Payloads, Level A Data, PD, 
3SIASA MSPC, July 1974. 

b. Summarized NASA Payload Descriptions, Sortie Payloads, Level A Data, PD, 

NASA MSEC, July 1974. 

c. NMAB, 287, Materials for Radiation Detection, National Materials Advisory Board, 
Jan. 1974, pages 79 thru 98. 

Legend: 

• = Fli^t utilized. Sortie flints. r, . jn- 

o - Flight not utilized; advanced development restilts available for later flaghts. 

T1 = AS-03-S, Deep Sl?y UV Survey Telescopes 

T2 = AS-04-S, Im Diffraction Limited UV Optical Telescope 

T3 = AS-Ol-A, Large Space Telescope (Ihstr. may not be used in initial LST flight) 
T4 =AS-14-A, Im UV“Optical Telescc^e 
* Different payloads require different size detectors. 


15. LEVEL OF STATE OF ART 

1. B/ISIC PHHNOKtENA OBSERVED AND REPORTED. 

2. THEORY POUMUIATED TO DESCIUDE HiENOMENA, 

3. THEORY TE^'ED BY PlfYSICAL EXPERIMENT 

OR MATllEaiATICAL MODEL, 

4* PERTINENT FUNCTION OR CIIARACTEIUSTfC DEMONSTRATED, 

E,G*, Material; component, etc. 


6, COMPONENT OR BREADBOARD TESTED IN RELEVANT 

environment in THE LAMRATORY- 

6, MODEL TESTED IN AIRCRAf-T ENVIRONMENT. 

7, TESTED ” SPACE ENXTRONMENT, 

8. NEW capability DERIVED FROM A MUCH LESSER 

operational MODEL. 

9. RELIABILITY UPORADING OF. AN OPERATIONAL MODEL, 
10 . LIFETIME extension OF AN OPERATIONAL M ODEL. 






DEFINITION OF TECHNOLOGY REQUIREMENT NO, C-2. 20 

' i. TECHNOLOGY REQUIREMENT (TITLE): Visible TJV Polarimeter PAGE i OF 4 
: Improved cir cular and linear polarization sensitivity and resolution 

2. TECHNOLOGY CATEGORY: Sensor 

3. OBJECTIVE/ADVANCEMENT REOTIIRED; Measure linear and circular polarization 

' to 1% at a number of wavelengths between 0. 13 aad um of source brightness of < m^ = 20 


4. CURRENT STATE OF ART; Polarizatioii at source brightness of m^*^ 20 has been 

measured to about 10%. 

HAS BEEN CARRIED TO LE VEL ^ 

5. Description OF TECHNOLOGY 

According to Perkin Elmer Report No. 9800: Polarizers v^ch. provide an tmdeviatei 
beam such as the Eoebon or Senarmont prism®, a pile of plates^, or mirror systems^- 
offer advantages in tbe techniques of detection and measurements.^ These advantages 
relate to the fact that the polarizer can be rotated while the detector remains fixed, all 
without the use of auxUiary reflectors. 

For internal calibration purposes a Lyot-type depolarizer® should be flipped in the 
beam between the telescope output and the polarizing prism. A Lyot depolarizer con- 
sists of two retardation plates, one twice the thickness of the other, with the axis of one 
oriented at a 45- degree angle to that of the other. The depolarization is effective if the 
plates are thick enough to provide a ZOOtt change in the retardation angle for changes in 
A defined by the bandwidth. The Lyot depolarizer is not effective in monochromatic 
light. 

P/L REQUIREMENTS BASE D ON; glPRE-A,n A.D B.Q C/D 

6. RATIONALE AND ANALYSIS; 

a. During the past decade the measurement of polarization has become increas- 
ingly important in stellar astronomy. These measurements are usually made because 
of their usefulness in establishing the presence and nature of magnetic fields - either 
the general field of the galaxy or extragalactic nebulae or more restricted fields, such 
as that found in the Crab Nebula or in M87^. 

b. Benefiting payloads are AS-04-S, 1 m Diffraction Limited Visible/UV 
Telescope and AS-Ol-A, Large Space Telescope, with which the polarimeter may be 
used in space. 

e. The polarization measurements will enable better analysis of stellar 
atmospheres and intersteller dust clouds. 

d. While tests in the laboratory are indicative final tests will be with a 1 meter 
telescope for a sortie flight in space. For initial technology verification an Arles rocket 
launch can be used. 


TO BE CARRIED TO LEVEL ^ 
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DEFIMTION OF TECHNOLOGY REQUIREMENT 


NO. C-2. 20 


I. TECHNOLOGY REQUIREMENT(TITLE) ; Visible UV Polarimeter PAGE 2 OP 4. 

Improved circular and linear polarization sensitivity and resohition 

7. TECHNOLOGY OPTIONS; According to Perldn Elmer Report No. 9800 

Only polarimeters in the range of wavelengths from 0. 13jji to 1. 0 /a will be consider- 
ed* Becanse of the special nature and severity of the problems relating to wavelengths 
below 0. 13|i. , they will not be dealt with here. 

Piles of plates or mirror systems, because of their inefficientnes, will not be con-' 
sidered because of recent developments in a ’double' Rochon prism*. This prism con- 
sists of MgFo crystals and is good for the range 0«13|/ to 0. 30p. . A double Rochon can 
be fabricatea more easily and has a smaller optical path which allows less absorption 
loss. 

For the wavelength range 0. 30 p to 1. 0 fA , calcite is a good material. It has a 
high bi-refringence and consequently higher prism angles, which make for easier fab- 
rication. The transmission is good for the whole range (0. 3 to 1.0(1 ). For color 
polarimetry it is desirable to provide five band pass filters, equally spaced in 1/^ , 
that is, filters centered at: 0.322, 0.379, 0.463, 0.500 and 0.813 microns, all of half- 
■width 0. 47 recriprocal microns. 

Measurements may be carried out with any one of the five filters or with the Lyot i 

depolarizer. ! 

8. TECHNICAL PROBLEMS; 

a. Filters for the range 0. 13|JL to 0.3|i are difficult to make and require develop- 
ment. Metal dielectric types have been made by Bates and Bradley*^, and by Baumeister^. ' 

b. Polarization by switch mirror or offset optics. 

c. Telescope mirror coatings as well as telescope mirror surface finishes and 

contours. 

9, POTENTIAL ALTERNATIVES; 

a. Any asymmetry introduced by the coating process will cause substantial polari- 
zation errors. If the evaporation sources do not provide enough symmetry under static 
conditions, the mirror must be rotated during evaporation. The evaporation times are very 
ishort so that high speed rotation would be needed. This requirement is relaxed if the 
as 3 rmmetry is periodic and of many periods in the course of 1 revolution. 

b. Polarization Filters of Technology Req. C2. 22 plus improved photon 
detector of Technology Requirement C-2. 19. 

I 10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

; a. W74-70658 (188-78-56) Design, Analysis and Evaluation of the Large Space 

jTelescope Optical Instrument System, GSFC. A. B. Underhill, (Ph; 301-982-5101) 

I b. W74-70633 (185-50-63) Theoretical Studies on Neutron Stars and Gravitational 

■Waves, Goddard Institute for Space Studies, New York, V. M. Canuto (Ph; 212-866-3200) 

expected unperturbed level 5_ 

II. RELATED TECHNOLOGY REQUIREMENTS; 

a. Flip on switch mirror compensation. The flip mirror should be compensated 
for by another mirror using the same incidence angle as the flip mir ror but with its plane 
of incidence normal to that of the flip mirror. Electronic compensation is out of the ques-r 
tion because the amount of correction is far greater than the polarization to be observed. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-2.20 


1. TECHNOLOGY REQUIREMENT mTT,E)r Visible UV Polarimeter PAGE 3 OF £ 

Improved circular and linear polarization sensitivity and resolution. 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Trades & Theoretical 

Analysis 

2. Prelim. Design of Exp, 

Model 

3 . Fabrication of Exp. 

Model 

4. Laboratory Test & 

Evaluation 

5. In Space Tests & 

Evaluation 


APPLICATION 
1. Design (Ph. C) 




2. Devl/Fab (Ph. D) 

3 . Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED^DATE 

NUMBER OF LAUNCHES 
I i 1 ! 

14, REFERENCES: 

a. Hiltner, W.A. , ed. : Astronomical Techniques, University of Chicago Press, 1962, 
Chapter 10. 

b. Greenberg, J. Mayo, Meltzer, A.S. : AstrophysicalJournal, Vol. 132, 1960. 

c. Coyne, G. V., Gehrels, T. : AstronomioalJournal. Vol. 71, No, 6, June, 1966, 
pp. 355-363. 

(Continued on page 4) 

LEGEND ; 

• = Sortie Operations 

- = Automated Operations 
T = Technology 

T1 = AS-04-S, Im Diffraction Limited UV Optical Telescope. 

T2 = AS-Ol-A, Large Space Telescope (Instrument may not be used in initial LST flight) 


15. LEVEL OF STATE OF ART 

1. BASIC PHENO^^ENA OBSERVED AND REPORTED. 

2. THEORY TORMULATED TO DE-SCJltDE PHENOMENA. 

3. THEORY TESIED BY PHYSICAL EXPERIMENT 

OR iUTHEALATICAL MODEL. 

4. PEUTINENT FUNCTION OH CHAHACTEHISTIC DEMONSTRATED, 
E,G., MATERIAL, component, ETC. 


6. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABORATORY. 

B. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TES^fED LN SPACE ENVIRONMENT. 

8. NEW CAPAIULITY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL, 

9. reliability UPGRADING OF AN OPERATIO.NAL MODEL. 
10. LIFETLME EXTENSION OF AN OrURATlONAL MODEL, 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. C-2. 20 

1. TECHNOLOGY REQUIREMENT (TITLE): Visible UV Polarjmeter PAGE 4 OP 4 
T-mp-roved circular and linear polarization sensitivily and resolution 


14. REFERENCES (Continued) 

d. Gehrels, T. , and Teska, Thomas M. : Applied Optics. , Vol. 2, No. 1, January 1963, 
pp. 67-77. 

e. Steinmetz, D. L., Phillips, W. G. , Wirick, M. , and Forbes, F. F. : Applied Optics, 
Vol. 6, No. 6, June 1967, pp. 1001-1004. 

f. Bird, G. R. , Shurcliff, W. A. Shurcliff, J. : J. Opt. Soe Amer. Vol, 37, No. 818, 
pp. 235-237. 

g. Perkin Elmer Engineering Report 9800, Large Telescope Experiment Program, 

Apr. 24, 1970. 

h. Walker, William C. ; Applied Optics. Vol. 3, No. 12, December 1964, pp. 1457-1459* 

i. Rosenbaum, G. , Feurerbacher, B. , Godwin, R. P. , Skibowsld, M.: Applied Optics, 

Vol. 7, No. 10, October 1968, pp. 1917-1920. 

j. Hamm, R. N. , MacRae, R. A., Aralcawa, E. T. : J. Opt, Soc, Amer, Vol, 55, 

No, 11, November 1965, pp. 1460-1463. 

o 

k. Bates, B. and Bradley, D. J. : Interference Filters for the far UV (1700A to 
240oX), J. Appl. Opt. Vol. 5 No. 6, p. 971, June 1966. 

l. Baumeister, P. W. , Costich, V. R. , Pieper, S. C. : Paper WBll, Pres. Opt. Soc. 
Amer. , October 7, 1964. 

m. Hiltner, W. A., ed. : Astronomical Techniques, University of Chicago Press, 1962, 
Chapter 10. 

n. Pernicone, C. V. , Hemstreet, H. S. , Patrick, K. W, ; Arizona Photopolarimeter 
Telescope - OAO, Vol. 1, Perkin-Elmer Engineering Report No, 8527 (I), 

October 26, 1966. 

o. Billings, Bruce H. : J. Opt. Soc, Amer, Vol. 41, No. 12, December 1951, pp, 966-973. 

p. Steinmetz, D. L. , Phillips, W. G. , Wirick, M. , and Forbes, F.F.: Applied Optics. 
Vol. 6, No. 6, June 1967, pp. 1001-1004. 

q. Astronomical Techniques by W. A. Hittner, pages 107 to 125, Chapter 5 on Measuremenv 
of Stellar Magnetic Fields by H. W. Babcock, Mount Wilson and Palomar Observatories, 
1962. 
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DEFINITION OF TECHNOLOGY REQUIUEMENT x\6, G_^2. 21 

1. TECHNOLOGY REQUIREMENT (TITLE) : Large Photocathode PAGE 1 OF _5_ 
Electrographic Camera/ Improved resolution, higher sensitivity at 
selected wavelengths in 100 to 400 nm range, with long wavelength cutoff. 

2. TECHNOLOGY CATEGORY; Sensors 

;j. OBJECTIVE /ADVANCEMENT REQTTTHEn- Development of magnetically focu sed 
electrographic camera capable of 5 to 10 micrometer resolution over a 200 nm 

diameter field. ^ 

4. CURRENT STATE OF ART: Electronographic cameras have produced 

10 micrometer resolution over a 100 mm field. 

HAS BEEN CARRIED TO LEVEL 5 


5. DESCRIPTION OF TECHNOLOGY 

Electronic cameras evolving from the initial ^jallemand electronic camera (Lallemand, 
Duchesne, and Walker , 1960) to the electronographic cameras produced by George R. 
Carruthers for use with 70 mm film provide die technology base for development of a larger 
magnetically focused electrographic camera. The desired electrographic camera 
converts a UV image at a 200 mm or larger photocathode into a photoelectron image which 
is accelerated by voltage throu^ a magnetic field (up to 20000 gauss with a super con- 
ducting magnet) to an electron sensitive emulsion. 

Several wavelen^h bands are being considered; one at 220 nm,oue at 150 nm, and one 
including Lyman Alpha.Subarc second angular resolution over a 5° diameter field is 
desired assuming a focal length of 25 meters, 

P/L REQUIREMENTS BASED ON: [^PRE-A.Q A, □ B,D C/D 

6. RATIONALE AND ANALYSIS: 

a. Resolution and sensitivity are a iunction of the angular, spectral, and intensity resol- 
ution capabilities of the wide field telescope and the electrographic camera. (See 
Page 3, Technology Options.) 

b. The payloads benefiting from the development of the electrograpliic camera include; 
AS-03-S, Deep Sky Survey Telescope; AS-13-A, UV Survey Telescope; AS-31-S, 
Combined AS-01, -03, -04, -05-S. An earlier payload AS-42-S Far UV Electro- 
graphic Schmidt Camera/^ectrograph could also benefit. 

c. The electrographic camera technology development will enable direct imaging of 
unreddened BO stars to my = 21, m^ = 11 with objective grating and 0, Inm spectral 
resolution and m^ = 17 with objective grating and 10 nm spectral resolution in 

15 minutes e^osures. 

The camera in conjunction with a 0.75 m to 1 m UV Survey Telescope will detect and 
.measure cosmic sources rich in UV radiation, measure properties of intersteller. 

provide uniform UV reference data, (magnitudes & spectra), enable studies of 
wide angle diffuse sources, and provide updating and a UV complement to the 
Palomar Sky Survey. (See continuing discussion on Page 2 ) 

TO BE CARRIED TO LEVEL 7_ 
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DEFINITION OP TECHNOLOGY REQUIREMENT NO, C-2.21 

1. TECHNOLOGY REQUIREMENT (TITLE): Large Photo cathode PAGE 2 OF 5 
Electrographic Camera? Improved resolution, higher sensitivity, at 
selected wavelengths in 100 to 400mm range, wiih. long wavelength cutoff, 

6. RATIONALE AND ANALYSIS: (Continued) 

c. (Continued) 

Bodi Deep Sky Survey Telescope and 1 Meter Diffraction — Limited 
Telescope will benefit by Hie increased information storage capacity 
4x10^ pixels /field dia. of this detector which will be 4 times greater 
than that of existing electrographs. Such a detector is ideally mated to 
the ability of the Deep UV telescope to produce better than 1 arc sec images 
over a 5*^ field diameter and to the ability of the 1 meter diffration-limited 
telescope to produce 0, 2 arc sec images over a 1*^ field. 

Photographic film already has this information storage capability but the 
electrographic camera has several additional advantages: 

(1) Greater quantum efficiency by a factor of at least 10 {this is a critical 
factor). 

(2) Greater resolution thus making possible a more compact, less 
massive telescope. 

(3) Long wj,velength cutoff which eliminates noise effects from solar 
radiation in optical wavelengths. 

(4) A linear response curve over broader density ranges which allows 
easier conversion of the data to intensities and also gives a greater 
dynamic range. 

d. Although some testing can be accomplished in the laboratory or the ground, 
final testing is expected in orbit on a shuttle sortie mission. Initial 
laboratory tests by 1976 should indicate feasibility. An e^erimental smaller 
model may be flown, on an Aries rocket to deomonstrate technology. 


• ] 
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DEFINITION OF TECHNOLOGY REQUIIIEMENT 


NO, C*~2. 21 


1, TECHNOLOGY REQUIREMENT (TITLE); Large Photocathode PAGE 3 OF _5 
ElectrograpMc CameraT Improved resolution, higher sensitivity, at 
selected wavelengths in. 100 to 400mm range, with long wavelength cutoff, 


7. TECHNOLOGY OPTIONS: 

The electro graphic cameras utilize UV to electron conversion, acceleration 
of photo electrons to strike a photographic emulsion instead of a phosphor. 

For each photo electron, several grains in the emulsion become exposed. 

As mentioned before, the technique dates back to I960 and the concept back to 
1936. However, new techniques such as better photocathodes and means of 
obtaining stronger and more uniform magnetic focusing or guiding fields open 
Hie way for improved performance. Since photoelectrons accelerated from 
the photocathode produce identifiable tracks on the nuclear or equivalent film, 
the device may be used for coxmting electrons, and indirectly photons. 

Magnetically- focused and electrostatically focused image tube options exist. 

The image quality of magnetically focused image tubes is generally superior to 
that of electrostatically focused types. However, magnetically focused types 
require an external, cylindrical focusing coil or a permanent magnet and the 
voltage applied to the tube should be well regulated and filtered. As a result 
magnetically focused image tubes are normally heavier 2 ind more complex than 
those using electrostatic focus. But a 200 mm diameter electrostatically 
focused camera is very difficult to make. 

When the magnetic field is increased to about 20000 gauss, such as in a small 
super -conducting magnet, the photoelectrons tend to follow the magnetic field 
lines arranged to extend imiformly from the photocathode to the film or output 
image phosphor. Consequently very little degradation would occur in the UV 
photon to photoelectron conversion and acceleration process. The photo cathode 
surface can be selected to match the telescope optical surface without degradation of the 
electron image. 

For nonfilm alternatives at the output image plane, silicon, or other charge 
coupled devices have developed into the most promising approach to solid state 
imaging. The basic feasibility has been demonstrated for small nvunbers of 
image elements at correspondingly low scan rates. Some problem with surface 
states with life times near the inverse of the line scan frequency tend to 
reduce transfer efficiencies. Unless a technological breakthrough occurs, 
image resolution and acceptability will be conapromised. (Picture elements 
per frame are currently less than 10®, vs io^ to 4 x 10® for the advanced electro graphic 
camera. ) 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-2,21 


I. TECHNOLOGY REQUIREMENT(TITLE): Large Photocatfaode PAGE 4 OF A 
Electrographic Camera,* Improved resolution, higher sensitivity, at 
selected wavelengths in 100 to 400 mm range, with long w avelength cutoff. 

8. TECHNICAL PROBLEMS: 

a. Non uniform deposition of a 200 mm photocathode is biggest problem. 

b. The quality of electron focus on the nuclear emulsion limits resolution and is 
the 2nd largest problem. 

c. The ideal electrographic camera writes directly on film but requires access 
for loading and unloading film. 

d. Interaction with other payload elements in AS-31-S. 

9. POTENTIAL ALTERNATIVES: 

a. Multistage, fiber optically coupled, electrostatically focused image 
intensifiers . {However, these have greater threshold noise and are 
vex*y difficult to make in 200 mm sis:e. ) 

b. UV-to-electron converter /microchannel plate/output phosphor combinations 
for direct writing on film. 

c. UV-to-electron converter /microchannel (Chevron) plate and charge coupled 
device (CCD) detector array. (Gains between lO'^ - 10^} 

d. Magnetically focused image intensifier (165 mm dia, phosphor feeds fiber 
optics to enable contact film recording. ) 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

W74-70369, Astronomical Sensors and Imaging Systems for Large Space 
Telescopes, Lawrence DunlHeman, 301-982-4988, GSFC. 

expected unperturbed level £ 

II. RELATED TECHNOLOGY REQUIREMENTS: 

a. Internal Electrographic camera contamination /vacuum control. 

b. Nuclear radiation suppression (protons, electrons, bremmstrahlung, 
and secondaries). (However, intense magnetic fields may provide 
magnetic shield effect around electrographic camera.) 

c. Deep Sky Survey Telescope (0. 75 to Im dia), resolution better than 
0. 5 arc sec. 

d. Guiding on 9th magnitude stars to jlO. 1 arc seconds stability. 


7‘-164 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO.c-2.21 


1. TECHNOLOGY REQUIREMENT (TITLE) t Large Pho toc athode, . PAGE 5 OF 
Electrographic Camera,* Improved resolution, higher sensitivity, at 
selected wavelengtlis in 100 to 400 mm range, with long wavelength cutoff. 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 





SCHEDULE ITEM 


TECHNOLOGY 

1. User Needs Analysis 

2. Parametric & Design 
Analysis 

3. Prototype Design 

4. Lab Tests & toprovemeni 
5« Test on Aries rocket 

6, Test in Sortie Sliuttle 

APPLICATION 

1. Design (Ph. C) 

2. Devl/Fah (Ph. D) 

3 . Operations (Primary) 

Alternate 

4. 


. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 

a. Lallemand Electronic Camera, pages 347 to 353, Astronomical Teclmiques, 
edited by W. A. Hiltner, 1962. 

b. Conference, Dr. Karl G. Henize with E. S. Saari, Oct. 18, 1974, at JSC. 

c. Summarized NASA Payload Descriptions, Sortie Payloads, MSEC PD, July 1974. 

d. Summarized NASA Payload Descriptions, Automated Payloads, MSFC, July 1974, 

e. Applications note E20, ITT Electroproducte Div. , USN F3361570-C-1826 and -1735 

(with improved window and cathode). 

Legend: 



T1 = AS-03-S, Deep Sky UV Survey Telescope T = Technology 

T2 = AS-13-A, UV Survey Telescope ® = Sortie Operations 

T3 = AS-31-S, Combined AS-01, -03, -04, -05-S. r-?- = Automated Operations 

T4= AS-42-S, Far UV Eleetrographic Schmidt Camera/^ ectrograph 

*The automated is a backup for sortie flights. AS-31-S flights may reduce the require- 
ments for AS-03-S flights. 

15. LEVEL OF STATE OF ART 


1. BASIC PHENOMENA OBSERVED AND REPORTED. 

2. THEORY fOUxMULATED TO DESCRIBE PHENOMENA. 

3. THEORY TESI’ED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL. 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 

E.G., MATEIUAL, COMPONENT, ETC. 


5. COMPONENT OR BKbAt>tiUAKU JbiilbD IN UbLbVAM 

environment in the laboratory. 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED LN SPACE ENVIRONMENT. 

a. NEW CAPAmLlTY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

9, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. LIFETIME EXTENSION OF AN OPERATIONAL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-2.22 


i — ■ — 

j 1. TECHNOLOGY REQUIREMENT (TITLE): IR, Visible, UV, XUV PAGE 1 OF 3 
Universal Filters: Selectable Pass Bands in each Portion of the 
Spectrum, with Low Loss, Constancy of Loss, Accuracy of Loss 
i 2. TECHNOLOGY CATEGORY: Sensors 

a. OBJECTIVE /ADVANCEMENT REQUIRED: Provide a readily selectable uni- 

versal adjustable bandpass filter for each range (IR: one to 10 {x.m, passband 
from 1000 to 1 fim; Visible 0. 1 to lOnm passband from 1000 to 400 nm, 0. 1 to 
lOnm passband from 400 to 90nm; 0. 01 to Inm passband from lOOnm to lOnm). 

4. CURRENT STATE OF ART: A transmission filter capable of wavelength 
selection between 420 and 700 nm with passband variable from 0.01 to 0. 06nm 
has been built by Carl Zeiss, Oberkochen, 

West Germany in 1974. HAS BEEN CARRIED TO LEVEL _5 

5. DESCRIPTION OF TECHNOLOGY 

Readily adjustable bandpass filters with low loss (less than 25%) are needed 
to cover the IR, Visible, UV and XUV spectral ranges to enable band limited 
imaging or the equivalent of imaging spectrophotometer. The Carl Zeiss 
Company in Germany has produced a prototype universal bi-refringent filter. 
Reflective or transmissive techniques are applicable.* Imaging detector 
j resolution shall not be degraded more than 0. 5 resolution element. 


^ P/L REQUIREMENTS BASED ON: ^PRE-A,Q A,H B,D C/D 

6 . RATIONALE AND ANALYSIS: 

j a. Electronographic, electronic, and film image detection methods can be 
utilized for narrow band spectral imaging or imaging spectrophotometry 
in a large number of optical instruments. 

b. Payloads tliat directly benefit include sortie and automated astronomy, solar- 
physics, earth observation, earth and ocean physics disciplines. Payloads 
with potential benefit are those with imaging requirements in the high energy 
astrophysics, atmospheric and space physics and in the planetary and lunar 
discipline. 

c. Improved filters enable rejection of stray light, analysis of source constituents, 
and identification by spectral signatures. 

d. Final tests will be accomplished in space on sortie flights. 

Tuit.m.1 test will be accomplished on Aries rocket or HEO-B spacecraft. 
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BWW NOT irtKEO 


TO BE CARRIED TO LEVEL 


DEFINITION OF TECHNOLOGY HEQUIREMENT 


NO. C-2. 22 


1 , TECHNOLOGY REQUIREMBNTfTITLE); IR, Visible, UV. XUV PAGE 2 OF ^ 
Universal Filters? Selectable Pass Bands in each Portion of tlie 
Specti’uni) with Low Lossi Constancy of Loss. Accuracy of Loss 

7. TECHNOLOGY OPTIONS: 

Neutral density transmission filters as wall as advance bi-refringent filters 
need to be considered in trades. The universal filter will include program- 
mable control to select any of the wavelengtlis and the passband around the 
wavelength within the range of any one of the universal filters. In addition 
to the described pass band characteristics, each uni versal filter will have 
polarization analyzer segments that can be inserted into the light path to 
provide magnetically related information. 


8, TECHNICAL PROBLEMS; 

a. Imaging with a dynamic range greater than 256 (8 bits), 

b. Accountable losses in filter chain, good to 0. 1 magnitude. 

c. Minimun distoi*tion in optical path. 


9, POTENTIAL ALTERNATIVES; 
a. Individual filters per instrument. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 
TBD 


expected u nperturbed LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

a. Optical Telescope Technology, (See C-1.4) 

b. High Resolution Photon Detector. (See C-2. 19) 








DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-2. 22 




1. TECHNOLOGY REQUIREMENT (TITLE); Visible, UV, XUV PAGE 3 OF 
Universal Filters? Selectable Pass Bands in each Portion of the 
Spectrxun, with Low Loss, Constancy of Loss, Accuracy of Loss 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

Survey & Analysis 
of Applications 

2. Concepts Trades 

g Design of Exp. 

* Models per Band 

4. Fab, of Exp. Models 

5. Test & Evaluation 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES* 


14. REFERENCES; 



4 4 4 4 4 4 4 4 4 4 4 4 4 52 ■ 


a. Universal Birefringent Filter, Carl Zeiss, Oberkochen, West Germany, 


Legend: 

T = Technology 


♦These are the directly benefitin g payloads in the astronomy, solar physics, earth 
observations and earth and ocean physics disciplines, see paragraph 6b above. 


15. LEVEL OF STATE OF ART 

X. BASIC FHEHOMEHA. OBSERVED AHD REPORTED, 

2 . THEORY FOUMUIATED TO DESCRIBE PHENOMENA* 

3. THEORY TESTED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL, 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 

E,G,, MATERIAL, COMPONENT, ETC, 


6. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LAEORAl’ORY. 

6- MODEL TESTED IN AlRCRAtT ENVIRONMENT, 

7. MODEL TESTED IN SPACE ENVIRONMENT, 

8* NEW CAPAJHLITV DERIVED FROM A MUCH LESSER 
OPERATIONAL SIODEL* 

8* RELIABILITY UPGRADING OF AN OPERATIONAL MODEL, 
10, LlFETiaiE EXTENSION OF AN OPERATIONAL MODEL, 
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I DEFINITION OF TECHNOLOGY REQUIREMENT NO. C-2.23 

I TEC I1N( )l ,< >GY REQUIREMENT (TITLE) : Advanced Atmospheric PAGE i OF 
Sensors Group - Improved Area coverage, spatial and spectral resolution, selectivity, 

■and"ffigasiiremsnt'accnra:c3r~~“‘**~~~~ 

2 . TECHNOLOGY CATEG(JltY: Sensors 

;». odjeci’IVE/ADVANceMENT REQUIRED: Obtain atmospheric and nollution signatu re 
data versus location (0.9 to 10 1cm horizontal/vertical resolution). Improve calibrat ion 
; accuracy to 0. 2% for CO 2 and 1% for other constituants, solar constant to 0. b%, tei^^r- 
j atiu'e to + 1, 5°K. 

i 1. CURRENT STATE OF ART: Calibration aecuracy 3 to 5% for seme constituents; up t o 
J 30% for most of t he pollution constituents; altitude 2 to Bkm.horizontol^curacy 2to 3 

! km. ^ HAS BEEN CARSeED TO LEVEL 

— — ' -- -■ 

5. DESC HI I »TfON OF TECHNOLOGY 

1 The advanced atmospheric sensor group will include an improved ozone/sm polarimeter, 

I a limb atmospheric composition radiometer, an air pollution sensor, and a high speed 
interferometer. Improvements include greater spatial coverage by faster sequencing of 
cliannels, application of image motion compensation, better data compression (coding), 
improved instantaneous field of view, greater collector area ^ence better sensitivity), 
relocation and I'esizing of spectral bands, improvement of detector sensitivities together 
with coolers or closed cycle refrigeration, A solar extinction photometer is expected to 
be used to obtain data on the complex refractive index and size distribution of atmospher - 
ic aerosols. A radiative budget monitor will be added to the instrument complement to 
obtain the true atmospheric absorption, independent of and separate from scattering. 
Equipment measurements are needed for particulates. 

P/L REQUIREMENTS BASED ON: ^ PRE-A,D A,D B,n C/D 
6. RATIONALE AND ANALYSIS: 

a. An improved set of atmospheric sensing (partictilarly pollution sensing) instruments 
can be evolved from currently planned gas filter correlation analsrzer, IR correlation 
interferometer, IR optical Interferometer, photopolarimeter, solar extinction photo- 
meter, radiative budget monitor instruments concepts. Considerable opportunity exists 
for consolidation and on-board cross correlation, 

b. The primary payload benefitlang from the development of an advanced atmospheric 
sensors groups is EO-66-A Environmental Mcaiitoring Satellite, Howeve?.* some 
atmospheric sensing instruments wili(ilO-09-A SpLchronoiis Earth Observatory 
Satellite and EO-08-A Earth Observatory Satellite), 

c. The advanced set of atmospheric sensors will enable identification and monitoring of 
atmospheric pollutants, cJistrjbution of ozone, aerosols, measures of concentrations 
of ozone, nitric oxide, sulphur dioxide, nitric acid, nitrogen dioxide methane, and 
fieons as well as measurements of related atmospheric condi Lions. 

d. Pinal proof of achievement of capability is test on a sc3a:tie or automated space pay- 
load against aircraft and balloon lueasiiraments. 

Initial technology needs can be demonstrated on an Atlas/Centaur flight. 

t 

TO BE CARRIED TO LEVEL 
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PRECEDING PAGE BLANE NOT PIIMED 


DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-2.23 


1. TECHNOLOGY REQUIREMENTfTITLE^ : Advanced AtmospheilC PAGE 2 OF i. 

I Sensors Group - Improved Area coverage, spatial and spectral resolution, selectivity, 

! a nd measurement accuracy ^ 

7 . TEC HNOLOGY OPTIONS: 


Existing instrument concepts cannot provide all of the required measurements; hence 
vigorous development of sensors for identification of atmospheric constituents as well as 
improvements in accuracy for measurements of quantity and location of pollutants is neededj 
Calibration accuracy should improve from 5% to 1 %. Instantaneous field of view should im- 
prove to enable spatial resolution to 0.9 lim and identification of polluting sources to 15m. 
internal calibration techniques are required on all visible and IR sensors. Constituent 
measurements will require use of correlation instruments for measurements in the 
troposphere. 


(Continued on page 3) 

8. TECHNICAL PROBLEMS: 

a. Ihci’eased real time data relay capability up to 30Mb/s initially and to 120Mb/s later. 

b. Simpler data reduction software and techniques to reduce computational complexity. 

c. Faster integration times. 

d. Decreased instantaneous field of view to help pinpoint source locations. 


9. POTENTIAL ALTERNATIVES: 

a. Alternative atmospheric sensing group; gas filter radio meter /correlation interfero- 
meter, optical filter radiom^er, IR pressure modulated radiometer, UV/ozone 
monitor, solar extinction photometer, radiative budget monitor, photopolarimeter, 
THIR IR Radiometer, and a scanning spectroradio meter. 

b. Information comparable to that obtained for gaseous pollution should be obtained for 
particulate pollution by a complementary set of instruments. 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

W74-70476 Atmospheric Pollution Sensing, C. B. Graves, LaRC 

W74-70450 Numerical Simulation, Pollution Transport, Eugene S. Love, LaRC 

W74-7C452 Remote Sensing Techniques for Atmospheric Structure and Surface Condition 

Relevant to Meteorology, W. A. Harris, GSFC. 

EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

a. Increased data handling capability, up to l20Mb/s (on board data processing). 

b. Attitude determination to 0.002°; spacecraft position data to sl5m is desirable (at 
least 0,3 to 1 Ian is required), 

e. Long lifetime, low temperature cooling. 

d. Temperature profile correlation methods. 

e. Multiple sensor registration of view footprints, 

f. Solar energy and earth albedo monitors. 




DEFINITION OF TECHNOLOGY REQUIREMENT 


X. TECHNOLOGY REQUIREMENT (TITLE); ■ Advanced Atmospheric _ PAGE 3 OF 4 
Sensors Groun - Tmnroved Area coverage, spatial and spectral resolution, aelectivitv. 


and measurement acouraov 
7. TECHNOLOGY OPTIONS; (Cont'd) 

The key instruments - the correlation interferometer, the gas filter analyzer, and the 
IR interferometer - will certainly be improved over the next several years with the 
most improvement being e3q)ected in the correlation interferometer and the least in 
the IR interferometer. There is certainly opportunity for simultaneous use of a combina- 
tion of tliese instruments. It should be noted that the measurement time is q^uite different 
for these three instruments - the correlation interferometer being the fastest and the IR 
interferometer the slowest. It should also be noted that the signals reaching the instru- 
ments and hence their sensitivities are functions of the wavelength, the species burdens, 
the atmospheric temperature profile, the surface temperature, the surface reflectivity, 
the surface emissivity, and other factors. 

Another fundamental capability is provided by the radiative budget monitor (not the Earth 
albedo monitor). This instrument can only measure the net radiation flux (or the upward 
and downward fluxes the difference of which yields the net flux). This quantily is influenced 
by both physical processes of absorption and scattering from both gases and particulates. 
However, the quantity of interest is the true atmospheric absorption, i.e. , independent of 
and separate from scatterit^. It is this absorption that determines the atmospheric heating 
JPL has developed a true absorption radiometer, an engineering model has been construct- 
ed, and preliminary test conducted in JPL's ambient air. 


The absorption data provided by the near IR interferometer are usually interpreted 
(incorrectly) without regard to the effects of scattering by atmospheric gases and particles. 
However, since scattering alone (not absorption) induces polarization in the light field, the 
measurement of polarization should in principle enable one to assess the scattering ejects. 
This information, can be used to both study the soatterers ior themselves and eliminate 
their effects in interferometric data. Unfortunately the spectral resolution of the photo- 
polarimeter is too coarse compared to that of the interferometer (typically it is 10^ times 
coarser). What is needed is an interferometer-polarimeter that will provide both the 
radiance and the polarization with the same spectral reso lution. JPL has -developed a 
prototype model of such an instrument with the help of the University of Arizona. The first 
polarization spectra (wavelength range 0.8 to 2. 7 A<m, spectral resolution 0. 5 cm“^) of 
Venus were obtained with this instrument at the telescopes of Steward Observatory and 
Mexican National Observatory (Baja California). 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-2.23 


1 . TECHNOLOGY REQUIREMENT (TTTT .E^ ; Advanced Atmospheric PAGE 4 OF 
Sensors Group - Improved Area coverage, spatial and spectral resolution, selectivity, 




12 . TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Concepts analysis & 
trades 

2 . LaRC parametric des^ 

3 Fabrication of inteOTa- 
table ejmerimental m- 
strumenfcs 

4. Test & Evaluation 

5. Planning & Recommen- 
dation 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 



_ El 11 11 El „„E1 11 
E2 E2 12 12 E2 


NUMBER OF LAUNCHES | | | | |E2lFilllii| 112^^111111 ^^Il2p^ I Hi 

14. REFERENCES: 

a. An Evaluation of Technology Needed for Earth Environment Monitoring (Air and Water), 
by Wendell G. Ayers, Dr. David E. Bowkei, Dr. L.R.Greenwoodand Associates at 
LaRC, 1974. 

b. Study for Office of Applications of New Instrumentation Initiative for tlie Environmental 
Technology Satillite, LaRC Staff, May 31, 1974. 

c. Comments from Dr. M. H. Bortner, General Electric, 20 Jan. 1975. 

d. Comments from Dr. Alain L. Fymat, JPL, 24 April 1975. 

Legend: 

T =, Technology 
— = Automated Operations 

El = EO-56-A Environmental Monitoring Satellite 

E2 = EO-08-A Eiirth Observatory Satellite * 

E3 = EO-09-A Sjmchroncius Earth Observatory S^eUite, 


15. LEVEL OF STATE OF ART 

1. BASIC J^HSKOMENA OESEnVED AND REPORTED. 

2. T|IEORY FORMULATED TO DESCIUBE PHENOMENA. 

3. THEOnv TESl’ED BY PlfYSlCAL EXPERIMENT 

on MATHEMATICAL MODEL. 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 

E.G., MATERIAL, COMPONENT, ETC* 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABORATORY. 

6. MODEL TESTED IN AIRCRAFT EKVIHOK5IENT. 

7* MODEL TES^IED IN SPACE ENVIRONMENT. 

8* NEW CAPAHILITY DERIVED IROM A MUCH LESSER 
OPERATIONAL MODEL 

9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. LIFETIME EXTENSION OF AN OJ'LRATlONAl. MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. GE-2.24 


j 1. TKOHNOT-Of^V REQTTIREMFNT (TTTT.E); G-JITTER DETERMIMTION PAGE10F3__ 

I 

i 2, TECHNOLOGY CATEGORY: 

I 3. OBJECTIVE /ADVANCEMENT REOTTTRF.n r To define the G“Jitter environment, 
i determine the level expected aboard Spacelab, develop instrumentation for 

accurate measuraEients , and relate it to objectives of proposed experiments. 

4. CURRENT STATE OF ART: Some measurements of perturbations were conducted 

on Sfcylab. These should serve as a reference point in the analysis. 

HAS BEEN CARRIED TO LEVEL 2 _ 

5. DESCRIPTION OF TECHNOLOGY 

G-Jitter is defined as an unsteady perturbation to the gravity field 
resulting from spacecraft maneuvers and/or mechanical vibrations. A 
need exists for determining the environment from which G-JItter occurs. 

A determination of the 6-Jitter levels expected aboard the Shuttle 
Space Lab system during planned experimentation must be made. One must 
ascertain the potential effects of disturbances on the results and conduc- 
tion of typical experiments (ref, 2). Finally, instrumentation must be 
developed for accurate measurement of G-Jitter on a continuous basis as 
compared to current methods involving back-calculations of questionable 
accuracy, G-Jitcer levels can render certain 'space experiments worthless. 
Electrostatic accelerometers of high sensitivity exist, but their adequacy 
in this application has not been evaluated fully. 

P/L REQUIREMENTS BASED ON: 0 PRE-A.D A,D B,P C/D 

6 . RA TIf )N A L E AND ANALYSIS: 


The need for the above technology is a part of the LeRC overall program 
for convection oriented experiments aboard Spacelab. This technology 
should not only serve the proposed physics and chemistry experiments, but 
will be applicable to many others. The critical parameter which drives 
this technology is gravity, A knowledge of its magnitude is essential to 
the objectives of all proposed experiments. Its assessment will provide 
valuable design information. Without knowledge of the effect of G-Jitter 
on the possible experiments, their validity is in question. 


’.E: technology program should include a zero-G test of the measuring 
instrumentation aboard an Aerobee vehicle. 
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TO BE CARRIED TO LEVEL 





DEFINITION OF TECHNOLOGY REQUIREMENT NO, 6E-2*24 

1. TECHNOLOGY REQUlREMENTrTlTLE^ : J > tter Determina tioa PAGE 2 OF 2. 



8. TECHNICAL PROBLEMS: 

1, Can the vibration spectrum of Shuttle Spacelab be defined locally? 

2* Will the instrumentation be defined in a timely way? 

3. Is there sufficient knowledge of vibration induced convection to 
define effects accurately? 

9. potential ALTERNATIVES: 

Automated free-flying experiments as an alternative to manned Spacelab^ 
howeverj many experiments require manned intervention. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

LeRC Physics and Chemistry Experiments Program requires the above technology 
for insurance that current focused development studies will result In study 
areas that can be handled from an experimental point of view. 

RTOP 975-73^*48 

EJECTED UNPERTURBED LEVEL ^ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

The work being conducted in the Space Processing Discipline concerning elec- 
tromagnetic levitatioft relevant to these measurement requirements. (See 
reference no* 4.) 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. GE-2,24 


TECHNOLOGY REQUIREMENT (TITLED! G-Ji tter Determination PAGE 3 OF J 


■ 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITE.M 


TECHNOLOGY 

Analyses 

2, Math. Model Simulation 

3« Instrument Design 
4. Instrument Test 


APPLICATION 

1. Design (Pfi. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 



iniiiiiiiiB- 


1. Dodge, F. T.; etal : Fluid Physics, Thermodynamics, and Heat Transfer 

Experiments in Space. Final Report of the Overstudy of Committee. 
Southwest Research Inst., NAS3-17808. 

2. Gebhart, B.: Random Convection Under Conditions of Weightlessness. 

AIAA J., Vol. 1, pp 380-383, 1963. 

3. Bannister, T. C. Grudzka, P. G., Spradley, L. W. , Bourgeois, S. V., 

Hedden, R. 0., and Facemire, B. R.: Apollo 17 Heat Flow and Convection 

Experiments. Final Data Analysis Results, NASA TM X-64772, July 1973 

4. "Design Analysis o£ Levitation Facility for Space Proce ssing Applications" 
Final Report, Mod. No. 3 to Contract No. NAS -8-29680 (General Electric 
Co.). 


16. LEVEL OF STATE OF ART 6. compokfwt on mEADEOABO tested in relevant 

ENVIHOKHENT IN THE LABOHATORY. 

1. BASIC PHENOMENA OBSERVED AND REPORTED. ^ 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

*, THEORY FORMULATED TO DESCRIBE phenomena. ' 7. MODEL TESTED IN SPACE EHVIHOSHENT. 

3. THEORY TESTED BY PHYSICAL E.TPEHIHENT B. NEW CAPABILITY DERIVED FROM A MUCH LESSER 

OR MATHEMATICAL MODEL. OPERATIONAL MODEL, 

4, PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED. 9. RELIABILITY UPCHADING OF AN OPERATIONAL MODEL. 


E.G., material, COMPQ.NENT, ETC. 


10. UFBTIME EXTENSION OF AH OrERATION.AL MODEL, 















DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


i. TECHNOLOGY REQUIREMENT (TITLE): Mass Measuring Device pagE 1 OF_^ 


i . TECHNOLOGY CATEGORY: Sensors 

S. OBJECTIVE/ ADVANCEMENT REQUIRED; develop a mass measuring device 
for use in Spacelab scientific experiments where very small masses are 


involved and high accuracy is required* 


4. CURRENT STATE OF ART: Zero gravity mass measuring devices have been 

used on Skylab for relatively large masses ( 50 gm) 


HAS BEEN CARRIED TO LEVEL 


5. DESC UI I >TION OF TEC HNOLOGY 

A mass measuring device is required for use in Spacelab experiments in 
which "weight changes" are normally a principal measurement in normal 
gravity experiments- Combustion experiments involving solid or liquid 
burning are a good example* Masses as small as one to two grams are 
expected* Accuracy of two percent is anticipated. 

The currently available systems consist of force-damped devices covering 
the range up to 50 gm (Slcylab) 


P/L REQUIREMENTS BASED ON: ®PRE-A,D A, □ B,Q C/D 


6. RATIONALE AND ANALYSIS; 

The mass values and accuracies cited in (5) are determined from previous 
normal gravity experimentation. 

The users of this device XTOuld be physics and chemistry experimenters, as 
a minimum. Other potential experiments which might require it would be in 
space processing. 

The lack of this instrument could eliminate many worthwhile experiments. 

Payloads; SSPD No.'s, ST-06S and SP-04S will utilize this technology. 

Prototype models should be tested in a drop tower or free-fall 
trajectory aircraft test. 


TO BE CARRIED TO LEVEL _5 




pRwwnra pass blank not filmed 







DEFINITION OF TECHNOLOGY REQUIREMENT 


NO, GE-2.2f 


1 . TECHNOLOGY REQUIREMENT<TITLE) ; Mass Measuring Device PAGE 2 OF ^ 


7. TECHNOLOGY OPTIONS; 

Measurement techniques may sense inertia (e.g. translational or 
rational acceleration due to a given force) or density/volume measurements 
(e.g. though micvoxvave or x-ray penetration. 


8. TECHNICAL PROBIiEMS; 

This device must use a technique which does not interact with experiment 
processes in a manner which influences experimental results. For example, 
a device X'jhich relys on oscillation to measure mass might induce artificial 
convection. 


9. POTENTIAL ALTERNATIVES: 

1. Measure mass before and after process, whenever possible. 

2. Use induced -oscillation methods with very low accelerations and longer 
integration times. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENTS 
The Physics and Chemistry Experiment Program requires this device. 

Work conducted under RTOP 975-73-48, 

. EXPECTED UNPERTURBED LEVEL _2 

11. RELATED TECHNOLOGY REQUIREMENTS; 

Analyses that may be pertinent to this technology are the subjects of 
"Particle Manipulation through Small Forces, in Zero Gravity", 

Beneficial Uses of Space Study (GE), NAS 8-28179. 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. GE-2,25 

1. TECHNOLOGY REQUIREMENT mTT,F^» Mass Measuring Device PAGE 3 OF _1_ 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 


CALENDAR YEAR 


SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 
!• Analyses 

2. Design of Model 

3. Manufacture 

4. Free-Fall Tests 

5. 



- 

— 

- 






! 









APPLICATION 

1. Design (Ph,. C) 

2. Devl/Fab (Ph. D) 

3. Operations r 

1 

4. 




1 


~ 






i 




1 


1 














13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 





L 

\ 



— 









T 

! 

OTAL 

NUMBER OF LAUNCHES 



j 




2 

3 

3 

3 

3 

3 

3 

3 

3 

3 


32 


14. REFERENCES; 


1. Study oi[ Combustion Experiments in Space, Contract NAS3^17089- 
Report to be published, 

2. Berlad, A,L.: Combustion for Experimentation in a Space Environment. 

Paper presented at Western Section of the Combustion Institute, 
California State University, Northridge, California, October 1974, 

3. Catalog of Experiment Hardware, Contract NAS9-13559 - Report JSC-08650, 
November 1973. 


15. LEVEL OF STATE OF ART 

1. B/\SIC PHENOMENA OBSERVED AND REPORTED* 

2. THEORY FORMULATED TO DESCRIHE PHENOMENA* 

3, THEORY TESTED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL, 

4, PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 
E.G*« MATERIAL, COMPONENT, ETC. 


5* COMPONENT OR PREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE lABORATORY, 

0* MODEL TESl-ED IN AIRCRAFT ENVIRONMENT. 

7* MODEL TESTED IN SPACE ENVIRONMENT, 
a* NEW CAPAlRLm* DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL* 

9, reliability upgrading of an operational model. 
10. lifetime extension of an 01X RAT1QN.AL MODEL. 


7-181 



DEFINITION OF TECHNOLOGY REQUIREMENT N(3. -Rl ^ 2»2 6 

1 . TECHNOLOGY REQUIREMENT (TITLE): RAGE 1 OF 

Relativ ity Gy roscope (Extremely low Drift Cryogenic Gyroscopes) 

2 . TECHNOLOGY CATEGORY: Sensor 

! ;l oiUKC^TTVE/ADVANCEiVlENT REQTTmEU- Gyroscope and Gyroscope Readout 


! 1. ClIHRKiMT STATE OK ART- A gyroscope and readout method is being developed at 

I Stanfo rd U* and MS FC. Extensive gyroscope operation at low temperatures has been 

i (co ntinued on page 4) HAS BEEN CARRIED TO LEVEL ^ 


5. UESCRIHTION OF TECHNOLOGY 

Conventional electrically suspended gyroscopes are deliberately made with unequal 
I moments of inertia so that there is a preferred spin axis. Readout, therefore, depends on 
1 observing marks on the surface of the sphere, 

A relativistic gyroscope cannot use this method because of the extreme requirements for 
homogenenity and sphericity of the rotor. The readout method requires measuring the 
direction and amplitude of the London Moment associated wifh the spinning superconductor 
TTie spinning sphere generates a London Moment proportional to the angular frequency of 
the sphere. Total magnetic flux is 8 x 10"5 gauss Direction of field is determined by 
means of a superconducting loop and magnetometer. The currents will fry to keep flux 
constant and can be detected to fractions of a microamp. A Josephson (unction detection 
■ is built into the pickup loop to detect changes in magnetic flux equivalent to 1/10,000 of 

j magnetic flux quantum. At 150 Hz, the total flux is 7800 flux quanta, and detection of 

changes is l:10o flux quanta. 

I P/L REQUIREMENTS BASED ON: □PRE-A,[3 A,D B,C] C/D 

(L RATIONALE AND ANALYSIS: 

a. Readout of precession in conjunction with changes in line of sight of telescope star 
tracker is required to accuracy of lO^^ arc sec/year. Accuracy is required to confirm 
or deny various theories of relativity and to make a unique measurement of the motional 
or Lense-Thirring effect, 

b. AP-04-A Gravity and Relativity Satellite - LEO (Phy-2) 

c. Payload experiment fails (cannot verify or deny theories of relativity) if readout 
accuracy of at least 3 arc sec/year is not attained. 

d. Testing of one gyroscope concept is in progress at Stanford U. Testing of c second 
concept will be initiated at MSFC within six months. 


TO BE CARRIED TO LEVEL 8 
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® DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. Rl, 2.26 

1 . TECHNOLOGY KICOUIREMENTmTLEt: 
Relativity Gyroscope 

PAGE 2 OF A 

7. TECHNOLOGY OPTIONS: 



The Stanford U. and MSFC gyroscope models employ somay/hist different methods to spin the 
rotor. The options which affect gyroscope operation and fisaiufacturing techniques, are 
being thoroughly studied. There are also options in the exact form of the Josephson {unction 
detector which will influence readout accuracy. 

Both Stanford U. and MSFC have full readout capability. Critical parameters which affect 
testing are; low magnetic field, low acceleration, low temperature, high sphericity rotor, 
and low gas pressure. (See Reference 1), 

Hansen Laboratories of Stanford U, will continue their w <!< in the oreas of sophisticated 
optics and measurement of long term drift. 


«. TECHNICAL PROBLEMS: 

Figure 1 illustrates some of the toic.ances to which the gyroscope must be constructed. 
Superconducting microbridges are required and have been constructed at MSFC of thickness 
on the order of 50 A using RF sputtering techniques. Junction widths on the order of 0,5^ 
have been constructed using modified scanning electron microscope techniques. All 
technical problems appear solvable and models are being constructed. 


y. POTENTlAl- ALTERNATIVES: 

Methods for measuring certain relr^'vistic parameters, at reduced accuracies are: radar 
ranging and measuring gravity red shift by moving an EM signal in gravity field of the earth. 
However, with the possible exception of a binary pulsar observation experiment, the 
gyroscope will provide the only method for measuring the Lense-Thirring effect. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 


No similar efforts other than at Hansen Laboratory, Stanford U, and MSFC. 


expected unperturbed level 5 

- ■ , 1 I 

11. RELATED TECHNOLOGY REQUIREMENTS: 

a. Niobium microbridges for the gyroscope ore being developed by MSFC, and for other uses 
by other laboratories, 

b. Lightweight cryogenic storage vessel with hold time of one year in space at 1.6 to 2°K 
(see Rl, 12.1) 



DEFINITION OF TECHNOLOGY REQUIREMENT 

NU. 2.26 

1. TECHNOLOGY REQUIREMENT (TITLE): 

_ PAGE 3 OF 

Relativity Gyroscope 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 



SCHEDULE ITEM 


TECHNOLOGY 

1, Options & •parametric 
analysis (3.0 yr,)* 

2. Design (3.0 yr.)* 

o Oonstruct models 
(3.5 yr.)* 

Test models (4.0 yr.)’ 

5. 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES; 




* As presently scheduled. 


1. C.W.F. Everitt, the Gyroscope Experiment, International School of Physics - Enrico 
Fermi Course 56 Ed: B. Bertotti (Acad. N.Y, 1974) 

2. P, E. Wright, Refrigeration Systems for Spacecraft, RCA Advanced Technofogy, 

Publication of RCA Advanced Technology Laboratories, Camden, New Jersey, 1972 

3. Lipa, J, / ,, et al. Research at Stanford on the Containment of Liquid Helium in Space 
by a Porous Plug and Long Hold-Time Dewar for the Gyro Relativity Experiment, W. W, 
Hansen Laboratory of Physics, Stanford University, Proceedings of the Cryogenic Workshop. 
MSFC, March 29-30, 1972 

4. Everitt, C.W.F., and W. M. Fairbank, Applications of Cryogenic Techniques to the 
Stanford Gyro Relativity Experiment, W, W. Hansen Laboratories of Physic, Stanford 
University, Proceedings of the Cryogenic Workshop, MSFC, March 29-30, 1972 

5. Technicd discussion between Dr. E. Urban, MSFC, and P. R. Fagan, Rockwell 
International at MSFC on 17 October 1974. 


(continued on page 4) 

15. LEVEL OF STATE OP ART 

1* BASIC PHENOMENA QESERVBD AND HEPORTEr , 

2. THEORY FOltMULATED TO DESCRIBE PHENOMENA* 

3. THEORY TESl’ED BY PHYSICAL EXPERIMENT 

OR MATHE&UTICAL MODEL* 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 

E.G., MATERIAL, COMPO.'iENT, ETC, 


S* COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORAl'ORY* 

6* MODEL TESTED IN AlRCRAtT ENVIRONMENT, 

7. MODEL TEOTED IN SPACE ENVIRONMENT, 
a* NEW CAPABILITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL, 

P, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL, 
XO* LIFETLME EXTENSION OF AH OPERATION.AL MODEL,, 
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DEFINITION OP TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLE): PAGE 4 OP ^ 

Relativity Gyroscope 


4* Current State of Art ~ continued 

accompljshed at Stanford U,; MSFC has made important advances in development of super- 
conducting instrumentation for the readout system. 


14. References - continued 

6. Haldeman, L.B., and P. N. Peters. Niobium Bridges for SQUID Applications/ 1974/ 
Applied Superconditivity Conf, , 9/30-10/2, 1974, Oakbrook, Illinois 

7. Letter from Dr. E. Urban, MSFC to H, Ikerd, General Dynamics - Convair Aerospace, 
December 30, 1974 

8. Letter From Dr. J. Lipa, Hansen Laboratories, Stanford U,, to H, Ikerd, General 
Dynamics - Convair Aerospace, December 17, 1974 
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DEFINITION OF TECHNOI.OGY REQUIREMENT 


NO, RL 3,1 


{ 1. TECHNOLOGY REliUIREMENT (TITLE): 


2 . TECHNOI .( )GY CATEGORY: Generator 


PAGE 1 OF 


;! . <JIJJECTIVI'V ADVANCEMENT REQUIRED : Provide laser diode pumping for NdiYAG 

laser communications system 


i 1. Current state op ART: BreQdboard_mQdeLhas been constructed 


HAS BEEN CARRIED TO LEVEL 5 


5. DESCRIl’TION OF TECHNOLOGY 

Laser diodes are solid state devices which convert electrical energy into intense, nearly 
monochromatic light which can be used to pump an Nd:YAG laser. The technique which 
is usedis to match Ga:AI:P laser diode outputs at 8100 A (preferred wavelength), 8690 A, 
and 8850 A to the narrow 100 A wide pumping band of the Nd:YAG laser. Because (1) the 
laser diode has a limited power output, and (2) the Nd:YAG laser requires 3 to 4 watts 
pumping to achive at 0,1 watt output, an array of laser diodes must be developed capable 
of high power puaiping. 


P/L REQUIREMENTS BASED ON: □ PRE-A.0 A.Q B,H! C/D 


U. 


b. 


c. 


d. 


RATIONALE AND ANALYSIS: 

The arra'" size is defined as follows: It requires 3 to 4 watts of pump power at 8100 A to 
excite ’ s Nd:YAG lasers rod and to cause oscillation at the desired frequency as well 
as mainiain a power output of 0. 1 watt at 1,06 fi. The limiting power output of the 
laser diode at 8100 A results in a need for laser diode arrays on the order of 80 to 160 
diodes. 

The Nd:YAG with the developed laser diode array will be used on the CN-05-5, 

Laser Communications Experiment. 

Present NASA defined space communication data rates are on the order of 0,3 to 0^4 
gigabits/sec with a post 1984 requirement of one gigabit/sec. The Nd:YAG laser is a 
ruggedized space qualified laser capable of data rates on the order of NASA require- 
ments. Tlie laser will communicate data from a low orbit satellite such as EOS to a 
geosynchronous satellite. 

NASA expects engineering models of the Nd;YA.G with laser diode pumping arrays to 
be available in the 1978 to 1979 time period, the requirements for flying the system 
are vague although standard thermal-vacuum and vibration testing will certainly be 
required. 

Some technology transfer can be expected from Nd:YAG developments at USAF- 
WPAFB, and a proposed NASA/AF experiment (reference 1) to test a sun pumped 

Nd:YAG, and lamp pumped CO 2 laser in orbit as part of a communications system. ^ 
on pnn. 4^ TO BE CABMEP TO LfevEC 8. 


(see 6.C 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. R!, 3. 1 

1 , TECHNOLOGY REQUIHEMENT(TITLE): PAGE '1 OF ^ 


7. TECHNOLOGY OPTIONS: 

A number of pumping options exist within certain limitations; they are: 

a. Sun pumping - the sun is a high power standarc source for collecting energy which can 
be used to pump the Nd:YAG;. and is being proposed for the joint USAP/NASA laser 
communication experiment. Two problems exist. The first is that the low altitude 
terminal of the laser communications system spends much of its time in darkness making 
the laser communications system inoperable unless alternative power sources are 
available on-board. The second is that a steerable parabolic collector is required to 
collect the sun's energy and focus it on the laser. 

(continued on page 4) 


8. TECHNICAL PROBLEMS: 

Primary problem is currently in development of the array itself. A potential secondary problem 
has been defined as requirements for long life laser diode arrays. Current life tests nave 
achieved 10,000 hours, equivalent to a one year life. Laser communication systems will 
require operational lifetimes on the order of 10 years. In discussing with Dr. M, Fitzmaurice 
(reference 2) he stated that there appears to be no theoretically or analytical reasons to 
assume that laser diodes will not be capable of 10-year lifetimes. Life tests are currently 

^continued on page 4) 

!) . I^OTENTIA I . A LTE RN ATIVES : 

Alternatives to the laser diode pumping are described in (7) technological options. An 
alternative to the concept of laser transmission is the use of RF transmission methods. RF 
limitations are that bulky large arrays and temiinals are required; however, they are more 
feasible than lasers for space to ground because of all weather capability, CO 2 lasers are 
also a potential alternative, and are pumped by gaseous discharge of the lasing medium. 

(continued on page 4) 

10. PLANE ED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

The WPAFB is building laser communications terminals and will use the Nd;YAG laser. No 
information is available as to whether they are consida'ing laser diode pumping. The AF 
program is non classified. Contact at WPAFB is Dr, Dale Barry, Technical Director. 


EXPECTED UNPERTURBED LEVEL 5_ 

11. related TECHNOLOGY REQUIREMENTS: 

The Nd;YAG operates at 1.06/^and q requirement for low noise, high sensitivity detectors has ' 
been defined. GSFC has contracted two approaches to solve the problem using group three- ; 
five elements from the periodic table (Indium, Galium, Arsenide, Phosphide). The 
approaches are; 

(continued on page 5) 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 3.1 

1. TECHNOLOGY REQUIREMENT (TITLE): lasers 

_ PAGE 3 OF 5 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 



SCHEDULE ITEM 


TECIINOLOG'Y -Laser Diod< 

1. Breadboard Dev. 

2. Life Testing 

2 ^ Engineering Model 

j Joint AE/WASA communi- 
cations experiment (Ref. 

5. Testing 


APPLICATION *A 

1. Design (Pli. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4. 

13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF Ij^UNCHES 
14. REFERENCES: 
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1. NASA Laser Data Relay Link (LDRL) Experiment for the DoD/NASA Cooperative Space 

Laser Communications Test Flight, Volumes 1 and II, GSFC, May 1974 

2. Technical Discussionfi between Dr. M. Fitzmaurice, GSFC, and P. R. Fagan, Rockwell 

International, Nov. 6, 1974, and Dec. 23, 1974, 

3. Technical Discussion between Dr, J. McElroy, GSFC, and P. R. Fagan, Rockwell 

International, Nov. 6, 1974 


15. LEVEL OF STATE OF ART 

1. HMIC PHfiKOMENA OBSERVED AND .HErORTED. 

2. THEORY FORMULATED TO DESCRIBE PHENOMENA. 

3. THEORY TESTED BY PHYSICAL EXPERIMENT 

OH MATI1EM.ATICAL MODEL. 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 

E.C.. MATERIAL, COMPONENT, ETC. 


5. COMPONENT OH BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABORATORY. 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 
r. MODEL TESTED IN SPACE ENVIRONMENT. 

8. NEW CAPAIUUTY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL, 

9. HEUABILITy UPGRADING OF AN OPERATIONAL MODELi 
XO. LIFETLME EXTENSION OF AN OPERATIONAL MODBL„ 















DEFINITION OF TECHNOLOGY REQUIHEMENT 

NO. Mr 3,1 

1 . TECHNOLOGY BEQUmEMENT (TITLE) : Lasers 

, , PAGE 4 OF 5 1 


1 

.... -J 


6. RdHdtiale and Analysis - continued 


EsHtridfes ds of this writing is that the Nd:YAG laser with diode array will be considered 
ready for lise in a space communications system after T-V and vibration testing in the light 
of unclassiiied USAF and NASA space communications experiments and programs. There- 
fore/ the laser diode arrays readiness will be derived from d lesser operational model. 

7, Technology Options - continued 

b, Ldriip pumping - Fluorescence and Xenon pumping methods are available; however, their 
outputs are vety broadband and much energy is wasted at wavelengths which do not assist 
•he pumping of the Nd:YAG. Therefore, higher energy is required to maintain the 
'^dsYAG output. 

Ci. Light emitting diode (LED) pumping - LED pumping has been investigated by RCA and 
Texas Instruments and have concluded that relative to laser diodes, LED devices are more 
expensive, have lower power outputs (20 milliwatts), have more cooling problems, arid 
shorter lifetimes. 

The Use of d laser diode array for pumping has advantages over other pumping^ techniques. 
Current options which are under consideration are selection of optimum pumping band, 
with current preference at 8100 A. 

8* Technical Problems - continued 

underway at RCA under NASA contract, and at McDonnell Douglas, St# Louis under in-hoUse 

IR&Di 


9i Potential Alternatives - continued 


they are capable of very high pov/er output and hove been ptoposed for use in the jaint. NASA/ 
UsAF space communications experiment (reference 1). GO 2 lasers hd/e been used in airborne 
applications; it is not known if they hove been used in spaceborne systems. 








DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. RL 3.1 

1. TECHNOLOGY EEQUIREMENT (TITLE): _ Lasers . _ 

PAGE 5 OF 




n , Rrslated Technology Requirements - continued 


G. Phototubes " GSFC has contracted Varian, Palo Alto to develop and prove feasibility of 
using phototubes with semiconductor targets which are rugged and reliable, efficient, 
stable, and long life and capable of 5 percent quantum efficiency* They will be available 
in 18 to 24 months 

b. Photodiodes - GSFC has contracted the Rockwell International Science Center to develop 
gioup 3“5 photodiodes which are capable of high speed response for high data rate commun- 
'cation systems. Sensitivity will be equal to that of photomultipliers and will be available 
for the post 1984, one gigabit/sec communications applications. 


It should be noted that technology transfer to LIDA R system requirements at Langley Research 
Center and Johnson Space Center is possible. See RI 4.1 and 4.2. 






DEFINITION OF TECHNOLOGY REQUIREMENT NO. PI A 1 

I 1. TECHN(3LOGY REQUIREMENT (TrTT.E)r System PAGE 1 OF 4 


I 2. TECHNOLOGY CATEGORY: Systems 

! (HJJKCTlVE/ADVANCEMENT REOTITRED; Development of space qualified system 


I 1. cmuiENT STATE OF ART- Ground to oir lidor system for weother analysis at Langley 
’ Research Center. Ai rborne lidar being used by EPA in Nevada for pollution anal ysis^, 

! BEEN CARRIED TO LEVEL 4 


5. DESCRIPTION OF TECHNOLOGY 
’ The defined potential fidar techniques are as follows: 

j a. Measure backscatter from aerosols or Rayleigh phenomena from molecular species 
which will require a fixed frequency at high power. 

b. Differential absorption techniques which require two or three different frequencies, 
and comparison of absoqjtion at each frequency to determine densities. 

c. Exciting molecules at their resonant frequencies and analyzing the light amplitudes 
and frequency shifts given off to determine composition; this may require a dye laser 
technique. 

d. Measure absorption over a path from a primary satellite to a subsatellite or ground 
station which will require a dye laser tunable to a specific wavelength of interest. 

In discussion with NASA personnel at Langley Research Center and Johnson Space Center 
I prim ry interest was expressed in (a) and ^). above. 

(continued on page 4) 

P/L REQUIREMENTS BASED ON; (^PRE-A.Q A,D B.Q C/D 

6 . R A TI( )NALE AND ANALYSIS: ~ 

a. Lasers are capable of producing coherent, high power, very narrow band energy. Using 
doubling, tripling, or tuning techniques will permit analysis of atmospheres at absorption 
or resonant frequencies of interest to the earth scientist. 

b. The lidar system would be used with ST-23-S ATL P/L No. 5 (pallet only). 

c. JSC is interested in analysis of the backscotter from aerosols or Rayleigh phenomena 
from molecular species. Backscatter is a function of ^ and JSC is particularly 
Interested in UV frequencies at 0.265A . LaRC has as its obfectives definition of 
cloud height and Its areal extent, penetration of very thin cloud layers, and analysis 
of earth mixing layers. They feel that attaining a wavelength of 0.53^. for analysis 
of aerosols, molecules, and ozone is adequate. 

d. The only laser available which satfsHes the lidar system requirements and is space 
ruggedized is Hie Nd:YAG laser. The NdiYAG was developed by WPAFB and a 
cooperative effort is underway with GSFC to exploit the laser in a space communica- 
tions^ system. Laser diode pumping and high sensitivity, low noise 'o lid state 
detectors for ].06jU are also under development at GSFC (See RI, u 1). It is likely 
that the success of the Nd:YAG space experiments will be noted and technology 
transferred to the lidar system and a lidar model tested in an aircraft en- ' 
vironment appears to be adequate to satisfy NASA requirements, however, if ‘ 
a dye laser or other laser is used a level 7 would be required. 

TO BE CARRIED TO LEVEL 6/? 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. Rl, 4.1 


I . TECHNOLOGY REQUmEMENT(TITLE); Lidar System PAGE 2 OF 4 


7. TECHNOLOGY OPTIONS; 

a. He:N6 laser 

b. Nd;YAG laser 

c. CO 2 laser 

d. Dye laser 

e. Ruby laser 


S. TECHNICAL PROBLEMS; 

a. He:Ne laser - fhe He:Ne has been space tested; however, it is not as ruggedized as the 
NdiYAG and has too low an output power. 

b. NdtYAG laser - 1/10 Joule is off the shelf, with an output power of 1/2 joule bread- 
boarded. The lidar system will require 1 joule output wnich is theoretically feasible. 

c. CO 2 laser - this laser has too long a wavelength to be used for lidar applications, 
both doubled or tripled. 

(continued on page 4) 

9. potential ALTERNATIVES; 

There appears to be no potential alternatives to the laser; however, more firm definition of 
the wovelengths of interest should be accomplished. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOIXIGY ADVANCEMENT; 

a. Dr. Harry S. Melfi (Remote Sensing Branch, ERA, Las Vegas) Is currently flying an air- 
borne lidar ^stem fcr pollution analysis 

b. Dr, Pat McCformick (Langley Research Center) is ground testing a 48-inch ruby laser 
lidar system and d Ndtglass laser for weather analysis. 

(continued on page 4) laser & detectors ; 7 

expected UNPERTURBED LEVEL £ 

11. RELATED TECHNOLOGY REQUIREMENTS; 

d. Laser pointing capability 

b. Bore sighted cine camera 

c. Bore sighted day/riight TV camera 

d. JSC feels that the IR band should be explored, but because of attenuation laser outputs 
on fhe order of 1 kw should be developed. Also JSC would like„to analyze the vacuum 
UV and requires laser development with an output around 1000 A. 

. (continued on page 4) 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 4.x 


1 , TEC HNOLOGY REQUIREM ENT (TITLE) : Lidar System, 


page 3 OF ^ 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


75 


76 


77 


78 


79 


80 


81 


82 


83 


81 


85 


86 


87 


88 


89 


90 


91 


TECHNOLOGY 
1 . Analysis 

2 Breadboards 
(Nd;YA6T 

3. Life Testing 

4 Lfi gineering Model/ 
" Test 

5. 




r yow 
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se 


den 






HPSBB/fll 


ect 

SFC 


ors 

Cc 


fiom 
iimm inid 


GSIi 

atdj 


C 

on 


Expeijimmt 


APPLICATION 

1. Design (Ph, C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4. 


ye 


lai 


llDM) 


er 


availahla 


ot 


availably fcfc 


1 13. USAGE SCHEDULE; 









TECHNOLOGY NEED DATE 
NUMBER OF LAUNCHES 


■" - 

-1 














Lh 

OTAL 

! 


1 

1 

1 


1 

1 


1 

1 


1 

JL 

9 


14. REFERENCES: 

a. Technical discussions among Dr. D. Robbins and Dr.J. Chew, JSC and P, R, Fagan, 

Rockwell International, October 18, 1974 

b. Technical discussions among Dr. M. McCormick and W. Fuller, Langley Research Center 

and P. R, Fagan, Rockwell International, November 7, 1974 

c. Technical discussions between Dr. M. McCormick, Langley Research Center and P. R. 

Fagan, Rockwell International, January 7, 1975 


15. LEVEL OF STATE OF ART 

1, BASIC PHENOMENA OI5SERVED AND IlEPORTED. 

2. TIISORV FORMULATED TO DESCRIBE PlIEKOMENA* 

3, THEORV TESl'ED BY PHYSICAL EXPERIMENT 

OR mathematical model. 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED^ 

E>C.. MATEIUAL. COMPONENT, ETC, 


fi, COMPONENT OR BREADBOARD TESTED IN RELEVi>j^T 
ENVIRONMENT IN THE LARORAIORY. 

6. MODEL tested IM AlHCRAiT ENVIRONMENT, 

7, MODEL tested IN SPACE ENVIRONMENT. 

B. NEW CAPAIHLITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

9* RELIABILITY UPGRAPINC OF AN OPERATIONAL MODEL, 
10* LIFETLMB EXTENSION OF AN O I'L RATION. A L MODEL-. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. Rl. 4. 1! 



5. Description of Techii-^iogy - continued 


JSC desires to use a Nd:YAG laser with output at 1 .06^ , doubled to 0,53/i and tripled to 
0,265 /ti . laRC is satisfied with the output of 1.06// doubled to 0,53// . 

JSC defines the desired Nd:YAG output as joule, pulsewidth of 20 nanoseconds, and 
beam divergence of 2 milliradians, which varies from LaRC requirements only in becm 
divergence of one miltiradion. 


8. Technical Problems - continued 

d. Dye laser - JSC has defined o potential two-stage dye laser technique using flash lamp 
pumping. Dye laser state of the art in wavelength generation is 0.25// to 1,5// with 
continuous tuning over the full range, A bandwidth of 0. 1 A is availoble now; however, 
0,01 A bandwidth has been demonstrated in the laboratory, JSC has stated its lidar 
bandwidth requirement as 10“^ A; therefore, more development of the dye laser is required, 

e. Ruby laser - a 48-inch ruby loser doubled to 0.3472// is currently being used at LaRC for 
weather analysis; however, the ruby laser cannot meet the repef'Mon rate of 10 cycles/sec 
that the Nd;YAG is capable of. 

f. Detectors - The Nd:YAG appears to be the primary lidar laser candidate; however, at the 
1.06// there is high internal noise in amplified solid state silicon diodes. A program is 
underway at GSFC in developing periodic table group 3-5 detectors with low internal 
noise at 1 .06 // . See Rl , 3. 1 . Photomultipliers are adequate at shorter wavelengths, 

g. Safety requirements will limit laser beam intensity Qil the ground. The LaRC concept 
results in a beam intensity on the ground of 8 x 10“'® joules/cm^, too tow to be a hazard. 


10, Planned Programs or Unperturbed Technology Advancement - continued 

c. NdjYAG laser diode pumping and low internal noise, high sensitivity detectors responsive 
at 1-.06,'-: ore under development by Dr, M. Fitzmaurice at GSFC. 

d. Nd:YAG laser tor communications under development at WPAFB by Dr. Dale Barry, 
Program Technical Director, 

e. Dye laser being built at LaRC for airborne lidar research available 1976 


1 1 . Related Technology Requirements - continued 

e. Laser pumping techniques using laser diodes are needed and are under development by 
GSFC. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


i . TE(’ilN01.(JCY REQUIREMENT (TITl .E) ; Nephelometer 


PAGE 1 OF 4 


2 TECHNOLOGY CATEGOJIY: Systems 


:J OliJ ECTIVE/ ADVANCEMENT REQUIRED: Development of a space rated scanning 

system with active light source. 


1 


1. C’URHP:nt KTATK of art*. LED and laser nephelometers breadboarded and some test ing 

f or Pioneer Venus 1 978 Flyby. JPL has breadboarded a modet more specific to requirements 
herein. HAS BEEN CARRIED TO LEVEL4* 




DESCRIPTION OF TEC1IN01.0GY 


The size and distribution of atmospheric particles can be determined using a detector to 
observe the sun through a planetary atmosphere. Alternatively, an active source can be 
used for an in situ measurements. The size and distribution of particles and their 
complex refractive index are determined from ex. . 'ise of algorithms with detector signal 
level as primary input. 

The minimum particle radius which can be detected is approximately equal to 1 /im. 

The detector is moved throi^h an angle on each side of the sun and detector signal inten- 
sity is collected. Optimum scan has been determined to be XlO deg. off solar center or 
a scan of ^20 deg. conically. The angular resolution has a major impact upon determin- 
ation of particle size distribution. (Continued on page 41 ^ _ _ „ , ' 

P/L REQUIREMENTS BASED ON: (3 PRE-A.Q A,Q B,Q C/D 


0 RATIONAI.K AND ANALYSIS: 

a. Selection of uctive and passive mode and particular source to be used is function of 
opacity of planets atmosphere. 


b. PL-11-A - 
PL-13-A 
PL-15-A 
PL-22-A 


Pioneer Saturn/Uranus Flyby 

- Pioneer Jupiter Probe 

" Uranus Probe/Neptune Flyby 

- Pioneer Saturn Probe 


c. Nephelometer can determine atmosphere particle size, and distribution, and chemical 
composition. 

d. Flight testing required with some results based upon 1978 Pioneer Venus Flyby 
nephelometer success to derive new capability from lesser model. 


* JPL has breadboarded a scanning nephelometer with laser output at 6328 A. No testing 
accomplished as yet, 

TO BE CARRIED TO LEVEL 
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DEl-’ESrmON OF TECHNOLOGY REQUIREMENT 


NO. Rl, 4.2 









DEFINITION OF TECHNOLOGY REQUIREMENT 


NOia, 4.2 


I . TEC HNOl ( )GV REQ UlREM ENT (TITLE) : . 
Nephelometer 


PAGE 3 OF 4 


12, TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDU1.E ITEM 


TECHNOLOGY 

1. Laboratory Model 
(Built) 

2. Construct flight & 
test models 

3. Life Testing/ 
Evaluation 

4. 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


. USAGE SCHEDULE: 


TECHNOLOGY NE ED DATE 
NUMBER OP LAUNCHES 


14 REFERENCES: 




1, Discussion among R. Jackson and 1. Polaski, NASA-Ames Research Center and 
E. Kraly, Rockwell International, 15 Nov. 1974 

2. Discussion between A, Fymat, Jet Propulsion Laboratories, and P. R. Fagan, 
Rockwell International, 18 January 1975 


15. LEVEL OP STATE OP ART 

1. BASIC PHENOMENA OBSERVED AND REPORTED, 

•9. THEORY PO!U\IULATEb TO DESCRIBE PIIEKOMENA. 

3* theory tested by PJIYSICAL EXPERIMENT 
OH MATBEaiATlCAL MODEL, 

4. PERTINENT FUNCTION OR CnARACTERlSTIC DEMONSTRATED, 
MATEmAL, COMPO.'IEKT, ETC. 


C. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

environment in the laboratory. 

fi. MODEL TESTED IN AinCHAJtT ENVIRONMENT. 

7. MODEL tested IN 3PACE ENVIRONMENT, 
a. NEW CAPABILITY DERIVED FROM A MUCH LESSER 
operational MODEL. 

9. reliability upgrading of an operational model. 

10* LIPETLME EXTENSION OF AN OPEttATIONAL MODEL.,. 
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DEFINITION OF TECHNOLOGY HEQUIREMENT 



10, Planned Programs or Unperturbed Technology Advancement - continued 

The laser nephelometer is a working breadboard and has not been flown by TRW, It will be 
used as part of the Venus orbiter model , 

The LED has advantages over the laser technique in lower weight and power requirement. 



DEFINITION OF TECHNOLOGY REQUIREMENT NO. GE-4.3 

1 . TECHNOLOGY REQUIREMENT (TITLE) ; MULTX -FREQUENCY PAGE 1 OP 

WIDEBAND SYNTHETIC APERTURE RADAR 

2. TECHNOLOGY CATEGORY: Systems 

3. OBJECTIVE /ADVANCEMENT REOTTTREr>; Provide a three-frequency synthetic 

aperture radar for space operation. 


4. CURRENT STATE OF ART: Synthetic aperture radars are operational in 

aircraft, but not on spacecraft. 

HAS BEEN CARRIED TO LEVEL _ 3 

5. DESCRIPTION OF TECHNOLOGY 

(a) Ground resolution requirement is 15 meters (50 ft.); should have variable 
resolution capability. 

(b) Systems will operate in X,1C and L bands, 2 polarizations. 

(cj High reliability under actual operating conditions. 

(d) Swath-widths should be compatible with daily global coverage in 
meteorological applications. 

The need to on-board compensate for the doppler effect due to cross-track 
velocity component of earth rotation is significant at orbited altitudes. 

System techniques are not yet developed to accomplish this compensation. 


P/L REQXHREMENTS BASED ON: [1PRE-A,n A, □ B,Q C/D 

6. RATIONALE AND ANALYSIS; 

(a) The basis for this radar system requirement is the requirement in the 
Earth and Ocean Physics and Earth Observation disciplines, for mapping 
topographic features, geological features, hidden faults, near surface 
teothermal mapping and oil and mineral resources location. 

(b) The specific payload that will utilize this system is 0P-02S, ’’Multi- 
frequency Radar Land Imagery," and the Meteorological Radar Facility, EO-18A. 

(c) Use of synthetic aperture radar from orbital altitudes will afford 
faster data acquisition and simplified composition of maps of large 
areas of the globe. 

(d) This technological advance will require testing of a simplified system 
from orbital altitudes. A single frequency system (e.g. 10 GHz) with 
less stringent resolution capabilities (e.g. 60 meters) mil be 
adequate to test the adequacy of this system. 


TO BE CARRIED TO LEVEL 1 _ 

7-203 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO.GE-4.3 


1. TECHNOLOGY REQUIREMENT^TITLE^ : HOLTI-FREQUENCY PAGE 2 OF _3 

mDEBAHD SYKTHETIC APERTURE RADAR 


7. TECHNOLOGY OPTIONS; 

(a) Compensation for cross-track velocity component of earth rotation may 

be approached through proper programming of the receiver local oscillator, 
electronic shifting of the beam to the appropriate angle corresponding 
to the latitude of the sub-satellite point, or through the ground data 
reduction process. 

(b) Use of solid state transmitter/receiver/phase shifter ior each antenna 
array element or group of elements will increase system reliability. 

(c) Use of two antennas instead of one for each individual frequency should 
be explored. 

(d) Both pulse- compress ion techniques and uncompressed techniques should 
be considered. 

(e) Some degree of on-board preprocessing of the radar data should be considered 
to reduce load on the data link, 

8. TECHNICAL PROBLEMS; 

(a) SAR requires relatively narrow swath widths, requiring many orbital 
passes to complete a given large area map. 

(b) Wide signal bandwidth complicates recording and transmission. 

(c) Individual transmitter/receiver/phase shifter per array element may 
increase system cost. 

(d) A fairly high degree of spacecraft attitude stability is required - both 
lateral and angular, 

9. POTENTIAL ALTERNATIVES: 

Optical sensors constitute a potential alternative, however, they do not offer 

the all weather capability of the radar system. 


10. planned programs or UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Expect JPI to request Goodyear to examine feasibility of clutter lock LO 
to simplify data processing of images involving cross track velocity 
components (Glutter lock must operate over water at low sea state conditions)# 
Texas Instrument has development program for solid-state TX/RX/PS module 
element. Westinghouse & Goodyear proposed 2-frequency SAR for EOS Program. 

performed a study of SAR UNPERTURBED LEVEL ^ 

11 . RELATED TECHNOLOGY REQUIREMENTS; 

(a) Techniques of ocean surface truth using aircraft radar. 

(b) Wideband transmission and recording. 

(c) Precision pointing of phased arrays (e.g. Meteorological Radar requires 
one milliradian pointing accuracy, Shuttle Imaging Microwave System 
requires 1.7 milliradar pointing accuracy) . 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 6E-4.3 


1 . TECHNOLOGY REQUIREMENT (TITLE) ; Multifreguenc-y 
Wideband Synthetic Aperture Radar 


PAGE 3 OF 3 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Nath, modeling 

2. TX/RS/PS element 

desxgn 

Q 

System model design 
Ground Tests 
Space Tests 


APPLICATION 

1. Design (Ph* C) 

2. Devl/Fab (Ph. D) 

3. Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES; 





2 2 2 2 


2 2 2 


1) GE"TJtica Study or X-Band phased array with elemeut modules, 

2) Mnal Report - Spaceborne Syutheic Aperture Radar Pilot Study 

4/11/74 

Contract NAS5 -21951 
for GSFG 

by Westinghouse Electric Corp, 

Systems Development Div* 


15. LEVEL OF STATE OF ART 

U BASIC PHEKO^[ENA. OBSERVED AND nEPOR-TEP. 

2* THEORY FORMULATED TO DESCRIBE PHENOMENA. 

3. THEORY TESTED BY PHYSICAL EXPERIMENT 
OR MATHEMATICAL JlODEL. 

4^ PERTINENT FUNCTION OR CllARiVCTERlSTIC DEMONSTRATED. 
E.G.. MATERIAL, COMPONENT, ETC, 


5. COMPONENT PR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY. 

C. MODEL TESTED IN AIRCRAET ENVIRONMENT. 

7, MODEL TES'IED IN SPACE ENVIRONMENT. 

8. NEW CAPABILITY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

. 9, RELIABILITY Uj^GRADINC OF AN OPERATIONAL MODEL* 
10. LTFETLME EXTENSION OF AN OPERATIONAL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. GE-4.4 


.. TECHNOLOGY REQUIREM .NT (TITLE): Wave Height Altimeter PAGE 1 OF_4_ 


2, TECHNOLOGY CATEGORY; ^Systems 

3. nP.TTCr!TTVE/AnVAWnEMEWT REQmRED ; Obtain ocean wave height measuremeiit 
with precision of 0.5 meters or lOX ( Min Wave IM - Max Wave 20M) 


(25% min. wave height of 2M) 


4. nTTRREMT .STATE OF ART: nsgi for REPS' 

precision as a goal (see Ref. 1); Skylab approximate precision of 1.5 to 2 


meters . has BEEN CARRIED TO LEVEL 3_ 


5. DESCRIPTION OF TECHNOLOGY 

(a) Earth and Ocean Physics investigations of wave height requires precision 
of 0.5 meter or better. 

(b) All weather capability for measuring wave heights; include effects of 
normal rainfall and corrections for water vapor. 

(c) Skylab wave height measurements are being evaluated; state-of-the-art 
approximately 1.5 to 2 meters precision. 


P/L REQUIREMENTS BASED ON: d PRE-A,D A,D B.D C/D 


6. RATIONALE AND ANALYSIS: 

(a) Present goal for topography, Sea Sat A, is Q.l meter. Wave height preoisioii 
must be less stringent due to difficulty in measuring with short integration: 
time and large signal amplitude fluctuations; goal set at better than 0.5 
meters precision or 'tlOTo Parameter of interest is wave height distrihution 
(see reference 3) 

(b) Seasat B (OP-07-A) is the principal beneficiary of this technological 
advancement. 

(c) Information effectively usable by Coast Guard, Oorp of Engineers, Off- 
Shore Nuclear Power Stations, general shipping. 

(d) Aircraft test at high altitude will be required in the proposed technology 
development to determine weather effects as well as assessing performance 
parameters. 


l^ltBGEDINCr S*AGE BLAjffiS: NOT FTT.Mm 


TO BE CARRIED TO LEVEL J_ 





DEFINITION OF TECHNOLOGY REQUIREMENT NO. GE-4.4 


1. TECHNOLOGY REQUIREMENTfTITLE); Wave Height Altimeter PAGE 2 OF ±. 


7. TECHNOLOGY OPTIONS: 

(a) Short Pulse Altimeter Approach - extensions of current short pulse systems; 
achieve higher precision by using higher prf with higher peak power and 
shorter pulses, narrower beam with accurate nadir pointing, and more 
extensive signal processing to reduce error due to pulse and puisc ampli- 
tude fluctuations. These will all increase weight and costs to acnieve 
the higher level of performance. 

(b) Long Pulse Scatterometer - uses averaging of signals oy long pulses 
(milli-seconds) ; further extensive investigations would be required to 
extract high precision wave height data; would be lov7er power than short 
pulse system in (a) above* 


8, TECHNICAL PROBLEMS; 

(a) Short Pulse Altimeter - serious jitcer in sample/hold circuit is due to 
Idrge fluctuation of signal amplitude; use of higher pulse repetition 
frequency than in current systems is suggested to prevent this* at cost 
of shorter pulses, higher peak power, and narrower beam antenna with 
nadir pointing more critical; signal processing becomes more extensive, 
possibly incorporating very wide band recording* 

--Continued — 

9* POTENTIAL ALTERNATIVES: 

Dual Frequency Scatterometer (ref. 2) requires further considerations, concept 
restricted to aircraft use. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

SeaSat A will provide SeaSat B Technology Development. 

On Board processing study done by technology surveys under AAFE now underway 
Houston Workshop reconnnended 2 to 5 cm for topographic applications’, possibly 
utilizing a phase measuring scheme. 

EXP ECTED UNPERTURBED LEVEL ^ 

11. REVATED TECHNOLOGY REQUIREMENTS: 

Tube Development: (a) for short pulse system, higher peak power, higher duty 

cycle, shorter pulses 

(b) long pulse operation fl to 4 msec) with 507.. duty cycle. 
Antenna Pointing Control: accurate nadir pointing. 

Energy Storage: for short pulse configuration, energy storage to provide 2 to 

3 times available power level for ten seconds* 

(continued) 
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DEFINITION OP TECHNOLOGY HEQUIKEMENT 


NO 


1. TECHNOLOGY REQUIREMENT (TITLE); _ Wave Height Altimeter PAGE 3 OF ^ 


8, TECHMICAL PROBLEMS (Continued) 

(b) (effects of adverse weather conditions on the measurements, 

(c) Tube development and/or modifications required, 

(d) Precise orbit determination required for topography# 

(e) Use of solid status X mltters secondary now-good for shuttle 
increase reliability, reduce power consumption 


11. RELATED TECHNOLOGY REQUIREMENTS 

On board data processing techniques may be employed to reduce raw data 
transmission/ ground processing and to provide real-time data on . 

sea-state* 

The development of solid state transmitters will permit their utilization 
in this application, to increase reliability, reduce power consumption. 

Digital pulse compression might provide a more flexible means of adapting 
the system when optimizing for Sea-state and altitude measurements. 





DEFINITION OF TECHNOLOGY REQUIREMENT NO. qE 4.4 

1. TECTTNTOT.OGV RFOtllREMENT fTITLE)i PAGE 4 OF 4 

12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 

SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

CO 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 

1. Analyses 

2. Ground Tests 

3. Model Design, Eab, 

Aircraft Tfests 
5. 

- 

— 

— 

















APPLICATION 

1. Design (Ph, C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4. 


























1 13. USAGE SCHEDULE: 

TECHNOLOGY NEED DATE 

















I 

’OTAL 

NUMBER OF LAUNCHES 








1 










1 

14 REFERENCES; 

1. "The Space Appl^ 
Section 4. 

2. Weissman, David 
Measurement of ( 
Propagation, Sei 

3 . Walsh, Edward J 
Vol. 9, #8-9, PI 

4. McGoogan, J. T. 
15. LEVEL OF STATE OE 

1. BASIC FHEMOMENA OBSERVED A 

2. TUEORY FbiaiULATED TO DESC 

3. THEORY TESTED BY PHYSICAL i 

OR MATHEMATICAL MODEL. 

4. PERTINENT FUNCTION OR CHAU 

E.G., MATERIAL, COMPONE^ 

Lcal 

E. 

3cbi 

3ter 

1 

• 3 

3 7: 
, 

' AI 

niBE 

:xPE 

LACTI 
T. ,E 

— 

:ions Program 1974", NASA Office of Publications, 

"Two Frequency Radar Interferometry Applied to the 
m Wave Height", IEEE Transactions on Antennas and 
ober 1973, pages 649 ^ 656* 

* Analysis of SKL Radar Altimeter Data’% Radio Science, 
Ll-722, Aug •• Sept. 1974 

Precision Satellite Altimetry*^ , 

5. COMPONENT OR jaREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY* 

EPORTED, e, MODEL TESTED IN AIRCRAFT ENVIRONMENT* 

PinSNOMENA* 7 , MODEL TESTED IN SPACE ENVIRONMENT. 

RIMENT 8. NEW CAPAmUTY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

:iUSTIC DEMONSTRATED* 9* RBLIABILITV UPGRADING Ot AN OPERATIONAL MODEL* 

rc. 10* LIFETIME EXTENSION OF AN orURATlON AL MODEL* 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. GE 4.5 


1. TECHNOLOGY REQUIREMENT (TITLE) : TRANSMITTER/ COUPLER .. PAGE 1 OF ^ 

SYSTEM 

2. TECHNOLOGY CATEGORY: SYSTEM, R.F. 

3 . OBJECTIVE /ADVANCEMENT RFQTTT HTCn ? HIGH POWER TRANSMISSION THROUGH 

DIPOLE ANTENNAS THAT ARE MUCH SHORTER THAN ONE WAVELENGTH 


4. CURRENT STATE OF ART: HAVE FLOWN AIRCRAFT AND SPACECRAFT WITH ANTENNAS 

THAT ARE SHORT RELATIVE TO TRANSMITTED WAVELENGTH. POWER LEVELS USED T^ERE LOW 
COMPARED WITH THE SUBJECT REQUIREMENTS. HAS BEEN CARRIED TO LEVEL 5 . 

5. DESCRIPTION OF TECHNOLOGY 

The requirements for transmission through the specified 330 meter long dipole 
antenna are as follows : 


POWER LEVEL 
1 Kl^ 

10 KW 
10 KW 


FREQUENCY RANGE 
300 Hz to 0.2 MHz 
0.2 MHz to 2.0 MHz 
2.0 MHz to 20. C MHz 


WAVELENGTH (M) 
10“ to 1500 
1500 to 150 
150 to 15 


ANTENNA L. /WAVELENGTH 
0.00033 to' .22 
0.2 to 2.2 
2.2 to 20.2 


Automatic antenna tuning devices for application to antenna length/wavelength 
ratios dc«m to 0.0003, and -power levels up to 10 KW need to be developed. The 
present state of the art is exemplified by H.F. antenna installations on 707 
type aircraft. Operation is in the 2-30 MHz region, and the antenna is a 9’ 
boom mounted near the tip of the vertical stabilizer. This works against the 
aircraft fuselage to form an asymmetrically fed dipole. The reactance char- 
acteristics are determined by the short portion (boom) , leading to high cap- 


ON 


P/L REQUIREMENTS BASED ON; □ PRE-A,g[ A, □ B,D C/D 


6. RATIONALE AND ANALYSIS; 


(A) The R.F, frequencies and power levels listed in (5) above are those that 
are specified to induce the plasma excitation and generation of plasmic waves 
required by the Atmospheric and Space Physics Experiment. (See attached 
rationale description). 

(B) The benefitting payload is AP-06S “Atmospheric, Magnetospheric Plasmas 
in Space" (AMPS), 

(C) The development of adequate tuning devices for the antenna is essential to 
the ability to transmit the required power levels and to the prevention of 
system electrical breakdown. 

(D) Due to the difficulty of physically simulating the pertinent characteristics 

of the space environment, it is recommended that a simplified space test of a 
scaled-doT-m model be conducted. This may involve a brief test on one of the 
Arobee rocket flights. i 


TO BE CARRIED TO IRVEL J_ 









DEFINITION OF TECHNOLOGY HEQUHIEMENT 


1. TECHNOLOGY EEQUIEEMENT (TITLE): Transmitter /Couple^ys .PAGE 2 QF^ 


5, DESCRIPTION OF TECHNOLOGy (Continued) 

ac.tive reactances. Impedance matching is accomplished by an automatic tuner, 
located in the stabilizer, which senses the mismatch and drives it out. All 
components are designed for minimum loss and relatively good efficiencies are 
realized. The transmitter powe is 50 watts, and voltage breakdown is not a 
problem. 

The Alouette-2 satellite topside sounder operates in a wider frequency band. 

The sounder sweeps from 0.2 to 14,0 MHz once every 30 seconds. It provides 
an average pulse power of 300 watts at a PRF of 30 cycles per second and a pulse 
width of 100 sec. The apogee and perigee of the satellite are 2982 km and 
502 km, respectively. 


6. RATIONALE AND ANALYSIS: (Continued) 

(A) Antenna properties are determined by their dimensions in wavelengths. When 
these are very small , the impedance and power handling properties become 
limiting factors. 

For instance, one of the antennas under consideration is a dipole 330 meters in 
length, required to operate under the extreme conditions of: 


1. Frequency 

2 . Power 


300 Hz 
1 KW 


At this frequency the wavelength is 10 meters, and the dipole is 0,00033 wave** 
lengths long. The radiation resistance is 0,002 ohms. The reactance depends 
upon the conductor diameter; but in any event is several thousand ohms 
capacitive. The significance of these numbers may be appreciated by considering 
that, for reasonable power transfer from the transmitter to free space via the 
antenna the latter nm*»t have impedance properties comparable to the. transmitter. 
This is in the order of 50 +>jo ohms; the tremendous disparity requires a tuning 
device which matches the impedances. 

The ohmic losses in the antenna and tuning device :vd.ll be large in comparison to 
the radiation resistance. Since the efficiency of the system is given by the 
ratio of radiation resistance to total resistance, the radiated power will be 
only a fraction of one percent of the total available. The rest is dissipated 
as heat. Moreover the system Q, representing the ratio of stored energy to 
energy dissipated is extremely large which means that the bandwidth is extremely 
narrow. This will be affected by the impedance change resulting from ionized 
sheaths which may form about the antenna due to a potential difference between 
it and any neutral plasma. The sheath structure depends upon antenna voltage, 
orientation, velocity and the temperature of the amhient elections and ions* 

Extremely high voltages will appear in the tuning system, due to its high Q, 
for moderate powers. 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. SS& 44^ ^ 

1 . TtTlQTTTTtTCMKWT (TTTT.E)- Transmitter Coupler Syg^ PAGES OF ^ 


In the event that all of the power could be transferred to the dipole, another 
voltage problem may arise. The periodic charge accumulation at the dipole tips 
is very large, being limited only by the small capacxty of the txps. Thus, m 
the presence of an ionized medium, such as a plasma, voltage brealcdowu may occur. 

In any case, the current flow must be balanced in order that the dipole radiation 
pattern may be realized without degradation. This is readily accomplished by 
connecting the dipole to the transmitter by a balun. This is a simple network 
which goes from terminals which are balanced to ground (dipole) to unbalanced 
terminals (transmitter) . 

In order to place the problems mentioned above in perspective it is instructive 
to consider the ideal case, in which the dipole would be one-half wave long. 

The radiation resistance in that ideal case is 73 ohms, and the reactance is 
43 ohms inductive. This may readily be matched to the transmitter with 
essentially 100% efficiency. For the 330 meter dipole, the corresponding 
frequency is 0.455 MHz; here the specified power is 10 K.W. The potential 
gradient at the dipole tips is then 2800 volts per centimeter, assuming the 
use of #4 wire. For orbits in the 200-300 N.M, range the pressure is sufficiently 
low that voltage breakdown may not be a problem. 

At the upper end of the specified frequency band, 20 MHz, the dipole is 22 A long. 
This produces a multilobed pattern, and high impedance values which again 
bring up the problem of realizing a satisfactory match to the transmitter. 



DEFINITION OF TECIINOLOGY REQUIREMENT 


NO. GE 4,5 


1. TECHNOLOGY REQUIREMENT(TITLE) : TRANSMITTER/ COUPLER PAGE 4 OF _5 

SYSTEM 



8. TECHNICAL PROBLEMS; 

The large iinpedance miB-match bet;<feen the antenna and the transmitter, due to 
the short antenna is comparison with the wavelength, would cause very inef- 
ficient radiation characteristics# The tuner to be developed would have to be 
designed to minimize the losses. 

Electrical arcing between antenna and transmitter is a possibility. 

9. POTENTIAL ALTERNATIVES; 

Two or more antennas could be used to cover the entire frequency range of 
interest. At the low frequencies (300 to 200,000 Hz), antenna lengths in the 
order of kilometers could be employed to effect better matching. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

AMPS Program 

expected unperturbed level js, 

11. related technology RSQUIREMENTSr . 

The structural aspects of long dipole antennas and their deplo 3 ?ment should be 
investigated. 
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1. TECHNOLOGY REQUIREMENT (TTTT.E); Transtnltter/Coupler PAGE 5 OF 

System 


12 . TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 85 


86 


87 


88 


89 


90 


91 


TECHNOLOGY 

1. Circuit Analysis 

2. Math. Simulation 

3. Model Design 

4. Model Tests (Ground) 

Model Test (Rocket) 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Opu.vutions 

4. 


-t 1- 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 




4 


TOTAL 


30 


14. REFERENCES: 


15. LEVEL OF STATE OF ART 


,1. PHBKOMENA. OBSEHVED AND BEPOETED. 

2. TIIEORY FO™LrLATED TO DESCRIBE PHENOMENA, 

3. THEORY TESTED BY PHYSICAL EKPEIUMENT 

ORMATIIEMATICAL MODEL. 

4* PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED* 
E,G,, MATERIAL,, COMPONENT. ETC. 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY, 

.6, MODEL TESTED IN AIRCRAFT ENVIRONMENT, 

L MODEL TESTED IN SPACE ENVIRONMENT, 

B. NEW CAPABILITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

9, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL, 
. 10, LIFETIME. EyrENSlON OF AN OrERATlONAL MODEL, 


7-215 . 


DEFIKITION OF TECHNOLOGY REQUIREMENT NO. 

1. TECHNOLOGY REQUIREMENT (TITLE); Levitation Unit PAGE 1 OF^ 


2. TECHNOLOGY CATEGORY: Special Devices 

3. OBJECTIVE/ ADVANCEMENT REOTHRED ; Provide position and temperature 
control to a large spectrum of materials and specimen sizes while in a 

levitated state in micro-gravity, and provide adequate heat rejection. 

4. CURRENT STATE OF ART; A limited number of experiments have been performed 

In drop towers, electromagnetic levitation in Ig field, and acoustic levitati on 
in Ig field. HAS BEEN CARRIED TO LEVEL 3 


5. DESCRIPTION OF TECHNOLOGY 

Space processing requirements are characterized by the following approximate 
ranges ; 

(a) Sample volume requirements for the various materials and products are 
shown on Table 5-a-l, 

(b) Correction for translational acceleration; 10"^ G. 

(c) Material Resistivity; 10“® to 10**^ ohm-meter (electromagnetic levita- 

tion) 

10“*'^ - 1 ohm-meter (acoustic levitation) 

(d) Melting Temperature of Metals: 312°K (Rubidium) to 3660°K (Tungsten) 

(e) Heat dissipation from metallurgical processes up to 20-30 KW. 


P/L REQUIREMENTS BASED ON; [UPRE-A.D A,D BjD C/D 

6. RATIONALE AND ANALYSIS; 

(a) Technolrgy advances in specimen positioning and heating during levitation 
processing are needed to permit efficient application of zero-6 and other 
unique properties of the space environment. The material types, quantity 
and other parameters indicated in item 5 above were chosen to represent 
a large segment of the potential early-operational processing require- 
ments, which will be tested and demonstrated on Spacelab. The accelera- 
tion correction requirement is based on the extent of perturbation due to 
astronaut motion. 

Analyses and experiments £o date show that most of the stated require- 
ments can be met by means of electromagnetic or acoustic positioning 
systems. The former is required for materials requiring a vacuum or 
ultra-pure gas environment during processing, provides rapid heating by 
electromagnetic induction or by means, of an electron beam but is 
restricted to materials whose resistivity does not exceed 10**^ ohm-meters 
when heated, For higher resistivities, acoustic positioning with radiant 
heating can be considered. 

—Continued — 

TO BE CARRIED TO LEVEL 





DEFINITION OF TECHNOLOGY HEQUIREMENT NO, 

1 . TECHNOLOGY REQUIREMENT (TITLE); Leyitafcion Unit PAGE 2 OF ^ 

Table 5(a)-l. EKperimental Process Mfiterial Size Requirements 
Material Sample Size Processed Product (Typ,I 


Metal Oxide Glasses 
Berillium & Beryllia 
Tungsten 

Mickel + Tungsten 
Molybdenum 

Tantalum or Niobium Alloys 

Crystalline Ge Te 
Cop; 2r + Tungsten 

Titanium, Lanthanum Oxide 
High Silicates & Silver 
Chloride 

Iron Antimonide & 

Indium Antimonide 
Niobium & Tin 
Lanthanum Hexaborlde 
Molybdenum Disillcide 
Silicate Glass + Europium 
and/or Cerium 

Crystalline Palladium 
Silicon 

Iron/ Iron -Sulphide 
Composite 


0.5 cm (sphere radius) 
1.0 cm (sphere tadius) 
0.5 cm (sphere radius) 
0.5 cm (sphere radius) 
0,5 cm (sphere radius) 
0,5 cm (sphere radius) 

1 cm (sphere radius) 
0.5 cm (sphere radius) 

0,5 cm (sphere radius) 
4 cm (sphere radius) 

4 cm (sphere radius) 

2 cm (sphere radius) 
2 cm (sphere radius) 
2 cm (sphere radius) 
2 cm (sphere radius) 


2 cm (sphere radius) 

2 cm (sphere radius) 


Glass Boules 

Uniformly Dispersed Ingot 
Fine Grained Spheroids 
Eutectic W/N^ 

Fine Grained Spheroid 
Fine Grained Spheroid or 
Single Crystals 
Chalcogenide Glass 
Uniformly Distributed 
Spheroids 

Uniformly Distributed Ingot 
Uniformly Distributed Boule 

Eutectic Boule 

Ifonotectic Boule 
Polycrystalline Boule 
Polycrystalline Boule 
Amorphous Sj^02 

Glass and Dispersed 
Europium, Cerium 
Amorphous Palladium Silicon 

Lamellar Fe-FeS 
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5, DESCRIPTION OP TECHNOLOGY: (cont'd) 

Current state of the art may be typified by experiments in free-fall towers, 
with samples in the order of 1-5 cc; electromagnetic levitation of 10 gm of 
molten tungsten (GE Space Division); and acoustic levitation experiments 
using 0.3 gram specimens in Ig field. 


6. RATIONALE AND ANALYSIS: (cont'd) 

(b) The technology advancement will benefit the following payloads: 

SP-13S - SPA No. 13 - Automated Levitation 

SP-14S - SPA No. 14 - Manned and Automated S.P.A. 

SP-15S - SPA No. 15 - Automated Furnace/Levitation 

(c) The determination of optimum techniques as indicated above will greatly 
accelerate the advent of operational space processing facilities for the 
benefit of mankind. 

(d) This state of the art advancement must be carried to the breadboard 
stage and tested in a simulated space environment. 





DEFINITION OF TECHNOLOGY REQUIREMENT NO. GE-5*1 


1 . TECHNOLO GY REQUIREMENT(TITLE) ; Levitation Unit PAGE 4 OF 1 


7, TECHNOLOGY OPTIONS: 

The following optional techniques must be investigated, relative to the 
required material and processes; 

Positionlnjg 

(a) Electromagnetic - limited to resistivities below 1/100 ohm-meter 

(b) Acoustic - must utilize a gas medium of significant pressure 

(c) Electrostatic 

Heating 

(a) RF Induction - uses eddy current effect, skin depth is a function of 
field coupling and frequency. 

(b) Electron Beam - must consider secondary electron emission and optimum 
electron primary energy level. 

(c) Solar Furnace Heating - requires large collector and focussing device* 

(d) Arc imaging. 

8. TECHNICAL PROBLEMS; 

Special problems to be considered are as follows: 

(a) Formation of bubbles in liquid specimens (may require specimen rotation 
about its axis) 

(b) Degree of stirring due to positioning fields* 


9. POTENTIAL ALTERNATIVES: 

Levitation in a one-G field may be feasible in some limited applications. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

(a) Payload Definition and Payload Equipment Study (MSFC) 

(b) SPA Kit Study (Power and Heat Rejection Kit) (MSFC) 

The unperturbed technology advancement would consist of demonstration of 
individual components. 

EXPECTED UNPERTURBED LEVEL ^ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Due to the large energy requirements in many of the metallurgical and glass 
processes, the development of suitable power supplies (to supplement the 
Spacelab power) and attendant heat dissipation provisions are critical to the 
attainment of the desired goals. 


7-220 



DEFINITION OF TECHNOLOGY REQUIREMENT NO. GE-5.1 

1 TEC HNDT. OGY REOTJTREMENT fTITLE): Levitation Unit PAGE S OF 5 

12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 

SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 

1. Analytical Studies 

2. One-6 Tests 

3. Drop Tests (Zero-G) 

4. Sounding Rocket Equip- 
ment Development 

5. Breadboard Design 

6. Breadboard Tests 


— 





















- 

APPLICATION 

1. Design (Pli. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4. 

















— 

1 

1 











13. USAGE SCHEDULE; 

TECHNOLOGY NEED DATE 




1 













1 

:OTAL 

NUMBER OF LAUNCHES 






1 

1 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

22 

14. REFERENCES: 

(a) "Electromagnetic C 
Facility Concept a 
No. NAS-8-29680 (G 

(b) "Design Analysis c 
tions", Final Repc 
(General Electric 

15. LEVEL OF STATE OI 

1. BASIC PHSMOMEMA. OCSERVSD ^ 

2 . THEORY FORMULATED TO DESC 

3 . THEORY TESl’ED BY PHYSICAL 

OR^fijATHEMATICAL MODEL. 
4 i PERTINENT FUNCTION OR CHAi 
E.O., mIjERIAL, COMPONEl 

ont 

nd 

ene 

•f I 
>rt, 
Go. 

’A] 

INDF 

!R 1 EE 

BXPE 

lACT 
IT, B 

alnerless Processing Requirements and Recommended 
Capabilities for Spacelab," Final Report, Contract 
ral Electric Go.). 

,evitation Facility for Space Processing Applica- 
Modification No. 3 to Contract No. NAS-8-296S0 

5^ COMSHDKFNT OR BIlEADBOAm) TESTBD IN RELEVANT 
ENVIHONMENT IN TEE LAl^JRATORY. 

tEPORTBD. 6. MODEL TESTED IN AIRCRAFT ENVIRONMENT, 

PHENOMENA, 7. MODEL TESTED £N SPACE ENVIRONMENT, 

RIMENT 0, NEW CAPAJRLITY DERIVED FROM A MUCR LESSER 

OPERATIONAL MODEL. 

ERISTIC DFJ^tONSTRATED^ 9, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL, 

TG, 10 , lifetime EXTENSION OF AN OPERATIONAL MODEL, 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLE); Continuous Flow 
Electrophoretic Column/Fractional Collecting System 


NO. -CE 5.2 


PAGE 1 OF 3 


2 . TECHNOLOGY CATEGORY; Special Devices 

3 . OBJECTIVE / ADVANCEMENT PF.QmHED- Provide fluid handling techniques to 
enable purification of biologicals to purity 5-10 times better than earth- 


based processes. 


4. CURRENT STATE OF ART: Initial zero-G tests on Apollo show the feasibility 
of attaining improvements in purity through electrophoresis, however, sienific a 

^ has been CARRIED TO LEVEL 


5. DESCRIPTION OF TECHNOLOGY 

The basic parameters for this system are as follows: 

Total Sample Volume: 10 cc 

Total Column Volume: 10 cc 

Buffer Pump Rate; 30 cc/tnin* (max,) 

Temperature Control: 263°K to 278*^K 


Voltage Gradient: 
Current Density: 


100 V/CM (max.) 

100 milliamp/sq. cm 


Pump Pressure Fluctuations: less than +10 N/sq. meter 

The technology for meeting the above parameters is available; however, the 
desired high purity may not be attainable due to wall contamination in the 
electrophoretic cell, which causes degrading changes in the cell character- 
istics* 

P/LREQUmEMENTS BASED ON; ®PRE-A,n A,D B,D C/D 


6, RATIONALE AND ANALYSIS; 

(a) Increased electrophoretic cell thickness possible in zero-6 makes theor- 
etical separation resolutions 5 to 10 times better than those on ground based 
systems. However, wall contamination seriously degrades the reproducibility 
of the cell characteristics, thus adversely affecting the purities that can be 
attained. A large portion of the contamination may be traced to fuel handling 
functions such as (biological) sample insertions wherein contact of the sample 
with the cell walls occurs very often with the state-of-the-art techniques. 

(b) The benefitting payloads are SP-14S (SPA No* 14, Manned and Automated) , 
and SP-OIS (SPA No, 1, Biological - Manned). 

(c) Reductions in contamination will benefit both ground based and space based 
electrophoretic processes, removing a significant obstacle to the attainment 

of higher purity bfologicals. 

(d) This technology program should be carried to the point where an experimen- 
tal system is tested and demonstrated in the laboratory (in one-G) . Zero-6 
effects should be projected and appropriate technique adjustments made to 
permit satisfactory operation in space. 


TO BE CARRIED TO LEVEL _5_ 


PBECBDJNG PAGE BLANK NOT 
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DEFINITION OF TECHNOLOGY HEQUIUEMENT 


NO. GE-5,2 


I , TECHNOLOGY REQUIREMENT{TITLE) : Gontitiuow Flow PAGE 2 OF ^ 

Electrophoretic Column 

7 , TECHNOLOGY OPTIONS; 

Various aspects to be considered in the technological advancement are; 

(a) Attainment of high degree of cleanliness in the equipment and facility 

(b) Proper sample insertion techniques 

(c) Avoidance of batch-tp-batch contamination 

(d) Prevention of bubble formation in the cell 

(e) Maintenance of sample away from the cell walls (e.g,, through the use of 
externally applied electrostatic forces) 


S- TECHNICAL PROBLEMS; 

It is anticipated that significant amount of contaminants will tend to deposit 
on the cell walls, regardless of the precautions. The main problem is to 
avoid not only excessive contamination but also uneven distribution from one 
cell wall to the other, and changing conditions with respect to time. 

Suppression of electro -osmosis is a technological problem. Bonded charges along 
the container surfaces interact with the electrolyte, affecting yield. 

9. potential ALTERNATIVES; 

Many types of separation processes exist and are undergoing technological 
improvements (e.g., chromatography, centrifugation, etc.). Each type of 
process is applicable to a limited set of applications; there is no known 
alternative method to electrophoresis. 


IQ. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

The unperturbed level of technology advancement is estimated to reach the 
testing of theories through physical experimentation in the laboratory. 


EXPECTED UNPERTURBED LEVEL ^ 

11. related TECHNOLOGY REQUIREMENTS; 

(a) Investigations of optimum cell -wall coatings 

(b) Development of multi-electrode-pairs (Beckman) 





DEFINITION OF TECHNOLOGY REQUIREMENT 


N0.GE_5.2 

I ' ~ ' ' ' ' ' ... - 

I i. Tli:CTTWm.nGY REQTTI REM ENT (TITLE): Continuous Flow __ PAGE 3 OF _3 

' Electrophoretic Column 


12 . TECHNOLOGY REQUIREMENTS SCHEDULE • 


CALENDAR YEAR 


SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 

Analysis 

2, Experiments on Tech- 

niques 

3. Model Fabrication 

Model Testing 
5. 


- 


- 
















APPLICATION 

1. Des^n (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

i 

4. 


1 



— 

• 




1 

1 

! 





1 

1 
















13. USAGE SCHEDULE: 


TECHNOLOGY NEEDJDATE 




L 













! 

T 

OTAL 

NUMBER OF LAUNCHES 






1 

1 

2 

1 

1 

1 

1 


,1 


_1_ 

1 1 

13 


14. REFERENCES; 


15. LEVEL OF STATE OF ART 

1. BASIC PHENOMENA OBSEHVEO AND HEFORTBO. 

2. THEORY FORMULATED TO DESCRIBE PUEKOMENA. 

3. THEORY TESTED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL, 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED* 

B.G** material* component* ETC, 


5, COMPONENT OR BREADBOARD TESTED IN RELEVANT 

environment in the tABORATORY. 

6, model TESTED IN AIRCRAFT ENVIRONMENT, 

7, MODEL TESTED IK SPACE ENVIRONMENT, 

8* NEW CAPABILITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL, 

9, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL, 
10, LIFETlfilE EXTENSION OF AN OI'ERATIONAL MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. Rl. 5.3 


PAGE 1 or 5 


I 1. TECHNOLOGY REQUIREMENT (TITLE): PAGE] 

Package, Solids Analysis 


j 2, TECHNOLOGY CATEGORY: Special Devices 

I ;l {JHJECTtVE/ADVANCEMENT REQiiTREn- Analysis of chemical content oF 
! Encke fail 


1 . CURRENT STATE OF ART; Breadboard of workable model developed gf G5FC 

HAS BEEN CARRIED TO LEVEL 

5. DESCRIPTION OF TECHNOLOGY 

Two major efforts have been carried out in recent years on the development of mass- 
spectrometric techniques for the compositional analysis of micrometeoroid material from 
spacecraft. The first of these (headed by H, Fechtig and E. Griin of the Max Planck 
Institut fur Kernphysik, Heidelberg, Germany) has been successfully flown on the Helios 
Solar Probe, The second effort was under the leadership of J. F. Friichtenicht of TRW, 
Redondo Beach, G:ilifomia. The two approaches are identical in concept: a compositional 
analysis of micrometeoroid material is made through a time-of-flight (TOF) mass spectro- 
meter analysis of the plasma generated when a small dust particle strikes a tungsten target 
at high velocity. Information on the size of the particle is gained through a measurement of 
the total integrated plasma charge and a measure of the relative particle velocity is made 
through the measurement of the rise time of the plasma "pulse" . 

(continued on page 4) 

P/L REQUIREMENTS BASED ON; [gl PRE-A, □ A, □ B,D C/D 

G. RATIONAL. K AND ANALYSIS; 

a. The most widely accepted theory of cometary origin assumes comets to be made up of the 
primordial "stuff" of the solar system. If so, cometary solids and small asteroids may be 
the only sources of undifferentiated, unmixed primitive material available, and the 
elemental (and isotopic) composition of this material is of fundamental importance in 
geochemistry and cosmogeny, if not of solar system origin, the cometary solids must 
come from interstellar space, and an analysis of interstellar material is no less interesting 

b. The best way to measure the composition of the non-volatile fraction of the cometary 
nucleus during a flyby is probably to analyze the composition of the cometary dust 
reaching the spacecraft. 

c. PL-18-A Encke Rendezvous and PL-19-A Halley Comet Flyby are benefiting 
payloads. 

d. Model must be constructed with improved plasma generating particle target and 
subjected to testing in the space environment. 




TO BE CARRIED TO LEVEL 7 __ 
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DEITOTION OF TECHNOLOGY REQUIREMENT 

NO. Ri^ 5,3 

1 . TECHNOLOGY REQUUlEMENTfTITLEL 

PAGE 2 OP 

Packaae, Solids Analysis 



7. TECHNOLOGY OPTIONS: 

Lesser capability models by: 

a* H. FeeM^, Max Planck Institute, Germany (Helios) 

b. J. F. Friichtenicht, TRW 

c. Dr. S, Auer , GSFC device with SiO target 


8. TECHNICAL PROBLEMS; 

a. A redesign of the target to materials which are not likely associated with comet 
composition is desirable. Presently Si and Si02 compounds are used for the target 
and it is desirable they be switched to materials such as germanium. 


0. POTENTIAL ALTERNATIVES: 
None known 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

None known or anticipated 

EXPECTED UNPERTURBED LEVEL A 

11. related TECHNOLOGY REQUIREMENTS; 

Unknown 
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NO. Bl» 5.3 


1 . TEC HNOLOGY REQUIREM ENT (TITLE) ; 

Package, Solids Analysis 


PAGE 3 OF 5 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 



SCHEDULE ITEM 


TECHNOLOGY 

1. Breadboard completed 
10/74 

2. Develop new target 

3. Construct ciodel 
^ Life Testing 


APPLICATION 

1. Design (Ph* C) 

2. Devl/Fab (Ph. D) 

3 . Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14 REFERENCES; 

a. Science Aspects of a 1980 Flyby of Comet Encke with a Pioneer Spacecraft, L, D. Jaffe, 
et a I; 760-96, May 20, 1974, JPL 

b. Cosmic Dust Analyzer, Final Report, 10735-60 02- RO-00, TRW Systems Group, 

Redondo Beach, Calif., 1971 

c. Letter from J . F. Friichtenicht, TRW to H. Ikerd, GDCA, December 26, 1974 

d. Discussion between C. Giffin, Jet Propulsion Laboratory, and P. R. Fagan, Rockwell 
International, January 22, 1975 

e. Discussion between Dr. S. Auer, GSFC, and P, R. Fagan, Rockwell International, 
January 24, 1975. 


15. LEVEL OP STATE OF ART 

X. BASIC phenomena OBSERVKD AND HEPORTED. 

2. THEORV FOHMULATED TO DESCRIBE PltENOMENA. 
a. THEOav TESTED BY PHYSICAL EXPERIMENT 
OR MATHBilATICAL MODEL. 

4, PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 
^ B,G., MATERIAL, COMPONENT, ETC, 


S. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY, 
fl. MODEL TESTED IN AinCRAET ENVIRONMENT. 

7. MODEL TESTED IN SPACE ENVIRONMENT, 
a, NEW CAPAllllATY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

B, RELIABILITY UPGRADINC OF AN OPERATIONAL MODEL. 
XO, LIEBTLMB EXTENSION OE AN QI'ERATIONaL MODEL.. 












DEFINITION OF TECHNOLOGY REQUIREMENT 

NO, 

1 TROHWOT^OGV REQUIREMENT (TITLE): 

PAGE 40F 5 

Packaae, Solids Anaivsis 



5. Description of technology - continued 


The TOP tnoss spectrometer analysis assumes that the ionic composition of the impact-generated 
plasma is directly related to the bulk composition of the micrometeoroid (or in this case the 
cometary dust particle}. By accelerating the plasma ions through a potential difference, and 
then letting them pass along a field-free drift region of known lengtn, the atomic masses of the 
ions can be determined by their respective arrival times at a detector. 

A simplified schematic of the instrument is shown in Figure i , page 5. Upon impact of a dgst 

? article on the target, a plasma is generated, the time profile and intensity of wnich is measured. 

he plasma-detection amplifier sends a signal to the signal-conditioning electronics which starts 
a clock for timing the arrival times of ion "bunches" as they reach the resolved ion detector. 

The signal-conditioning electronics format the measurement of the integrated charge in each Ipn 
"bunch" and time-label it for mass identification. 

Dr. S, Auer of GSFC is the inventor of the analyzer used on the Helios Solar Probe and has 
further improved the analyzer by incorporating two important improvements. The Helios analyzer 
was limited in its ability to detect a wide range of atomic mass units as it could only focus on a 
given single AMV and remond to a narrow AMV bandwidth centered around the selected single 
AMV value. 

Or, Auer developed and demonstrated a static focus technique which increases the response to an 
AMY range of 1-300 AMV. The target was changed to a capacitor which when struck by q 
particle had a capacitance discharge. This improved ionization efficiency, particularly for 
slow moving particles. 

The linear particle path length was changed to a circular path, improving the path length the 
particle can travel. 


The most important improvement was to change the tungsten (or gold in some concepts) target to a 
thin film capacitor which is charged by applying 30-60 V between the two conductors. The 
thicker substrate is positive relative to the thinner conductor. 

The technique was formerly used in space to detect micrometeoroid impaci and developed for 
Explorer 46 by LoRC. When a particle enters the field between the two conductors a spark is 
generated. The ions are extracted from the spark and the ion current has been found to be 7 
orders of magnitude better f m that generated by Helios, The resultant is higher resolution, 

wider AMV response than the Helios Analyzer, and ability to detect slow moving particles 
on the order of 10 m/sec. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITLE): 
Package, SoHds Anajysis 


NO. Rtr 5«3 
PAGES OF 5 



Figure 1. Simplified block diagram: Gometary Dust Analyzer 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. QE-5 .4 


1. TECHNOLOGY REQUIREMENT (TITLE); High Power, High PAGE 1 OF 

Efficiency Transmitter 

2. TECHWOT.OGY CATEGORY; Special Devices 

3. nE.7ECTTVE/Ar>VANnE ME WT T?EQTm?Er>» Obtain power output in the range of 50 
to 500 watts in the frequency band 620 to 790 MHz, transmitter characteristics 
to be; 457. efficiency, 30 dB gain, 20 MHz bandwidth, roinimuro size and weight. 

4. CURRENT STATE OF ART; lOOWa 45% efficiency, 30MHz bandwidth, single 

channel centered at 790MH2. 

HAS BEEN CARRIED TO LEVEL J _ 

5. DESCRIPTION OF TECHNOLOGY 

Direct broadcast C5^ operation, single channel operation such as required for 
the Disaster Warning Satellite (GN-54A) . 

Critical parameters are; power output, efficiency, size, weight, and long life 


P/L REQUIREMENTS BASED ON: □PRE-A,S A, □ B,n c/D 

6. RATIONALE AND ANALYSIS; 

(a) Low cost ground receiver in a building (15 dB building attenuation); 

58-6 d’BW' EXBP required for a 9-0 dB S/N ratio at the receiver; receiver 
noise temperature of llOO^K. 

fb) Benefitting payload: CN-54Aa Disaster ^faming Satellite. 

(c) Solid-^state devices and circuits increase lifetime, reliability of 
transmitter and offer opportunity to minimise size and weight of trans- 
mitter. 

(d) The technology program should culminate in the testing of a breadboard 
model on ground testa. 


PA® _ 

TO BE CARRIED TO LEVEL ^ 






DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. GE-5.4 
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DEFINITION OP TECHNOLOGY HEQUERBMENT 


NO, GE-3.4 


1. TECHNOLOGY SEQUIREMBNT (TITLE); 

HIGH gOT^R, HIGH EFFICIEKTY TBAMSMITTER 


PAGE 3 OP_i 


7. TECHNOLOGY OPTIONS; (Continued) 

(fe) Power oytput per transmitter affects the size and weight of the payload; 
the nuBiber of transmitters affects the size and weight of the payload. 

(f) Receiver bandwidth directly affects C/N of the receiver and thus the rf 
power output and DC power input requirements of the transmitter. 


DEFINITION OF TECHNOLOGY REQUIREMENT NO, 6E-S.4 

1. TECHNOLOGY REQUIREMENT (TITLE)! High Power, High PAGE4 0P_4_ 

Efficiency Transinitter 

12, TECHNOLOGY REQUIREMENTS SCHEDULE: High Power Amplifier (100-430W) 

CALENDAR YEAR 

SCHEDULE ITEM 

Y5 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 

1. Systems Tradeoffs 

2. Transistor Selection 

3. Thermal Design 

4. Ampl, Ckt. Design 

5. Breadboard Test 


inSSRA 

•n 

















APPLICATION 

1. Des^n (Ph, C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 































13, USAGE SCHEDULE: 

TECHNOLOGY NEED DATE 




1 













T 

OTAL 

NUMBER OF LAUNCHES 







1 

1 



1 





1 


4 


14. REFERENCES: 


(a) Telephone conversation with J. R. Raraler, NASA Lewis. 

(h) Feasibility Study of Using Satellites for a Disaster Warning System^ 
R-3015-2-1. 


6. COMPONENT OR ISREADBOARD TESTED tN RELEVANT 

ENVIRONMENT IN THE LABORATORY. 

G. MODEL TESTED LN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

8. NEW CAPABILITY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL, 

9. reliability upgrading of an operational model. 

•10, LIFETLME EKTENSiQN OF AN OPERATIONAL MODEL. 


15. LEVEL OP STATE OP ART 

1. Bi\SlG PHENOMENA OBSERVED AND REPORTED. 

2. THEORY FORMULATED TO describe PHENOMENA. 

2. THEORY TESl’ED BY PHYSICAL EXPERIMENT 

OR i\UTI1EMAT1CAL model. 

A. PEUTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 
B.G,. xMATERIAL, COMPONENT;, ETC* 
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DEFINITION OF TECHNOLOGY REQUIKEMENT NO, C-5.7 

1 . TECHNOLOGY EEQUffiEMENT CHTLE) : PAGE 1 OF 

: Self al ign ing Multipin Electrical Connector Assembly 

2 . TECHNOLOGY CATEGORY: Special Devices 

3 . OB JECTIVE/ ADVANCEMENT RF.QTtTRF.Dr Electrical interface for re- 
supply and refurbishment of orbiting spacecraft 


4. CURRENT STATE OF ART: Develoment hardware has been fabricated, 

feasibility of concepts has been demonstrated 

HAS BEEN CARRIED TO LEVEL ^ 


5. DESCRIPTION OF TECHNOLOGY 

Multipin electrical connectors are required to transverse the 
spacecraft /module interface of an in-orbit serviceable spacecraft, 
I Connector design will peimiit reliable engagement or interruption 
j of power, data, and communication lines when malfunctioning and/or 
depleted systems are replaced remotely on the orbiter. 


P/L REQUIREMENTS BASED ON: S PHE-A.Q A,Q B,D C/D 

6. RATIONALE AND ANALYSIS: 

(a) The present method for orbiting a spacecraft precludes its 
recovery for repair and/or refurbisliment . The cost effective 
solution is to provide a shuttle compatible system to recover, 
repair, and reorbit spacecraft, 

(b) EOS-A, B,_ C, andD; SMI; EGRET; SSOS; SEOS; SeaSAT will benefit. 
BESS is potentially a benefiting payload. 

(c) In orbit repair and/or refui-bishment of spacecraft will re- 
place the present method of operation, i*e,, launching a second 

or backup spacecraft to complete the mission of the malfunctioning 
spacecraft, 

(d) The test of a model in a spacecraft (EGRET) to demonstrate its applicability 
will satisfy this technology requirement. 


*EO-08A 

*!KOP“07-A & 09A 

TO BE CARRIED TO LEVEL J_ 
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DEFINITION OP TECHNOLOGY REQUIKE3MENT NO. c-5 7 

1 . TECHNOLOGY KEQUIREMENT(TITLE) ; Self Aligning PAQE 2 OP i 

Multipin Electi'ical Connector Assembly 

TrTECHNOLOGY OPTIONS: ' 

(a) Develop a connector component for refurbistment and/or repair of malfunctioning 
spacecraft system as described above in paragraph. 5. 

(b) Capture and return spacecraft to earth for electrical disconnect. 

(c) Continue present mode of operation, i.e. , launch a backup spacecraft to replace 
the one that has malfunctioned. 


8. TECHNICAL PROBLEMS: 

(a) Alignment and mating of up to 200 power, data and coramunicatior. 
pins and sockets including an undetermined number of coaxial inter" 
faces. 

(b) The effect of thermal gradients on the alignment of pins and 
sockets . 

(continued on next page) 

9. POTENTIAL ALTERNATIVES: 

There are no known potential alternatives other than those 
discussed in Section 7. 


10 . PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT! 
(a) EGRET spacecraft, P. J, Cepollina, (301) 982-5913. 


EXPECTED UNPERTURBED LEVEL ± 

11. RELATED TECHNOLOGY REQUIREMENTS; 

Developing of tooling to measure pin/sock engagement and 
disengagement forces. 




DEFINITION OF TECHNOLOGY REQUIREMENT 

1. TECHNOLOGY REQUIREMENT (TITLE); Aligning 

Multipin Electrical Connector Assembly 


NO. gr5t?_ 
PAGE 3 OF ^ 


8. TECHNICAL PROBLEMS; (Continued) 

(c) Connectors must be consistent with requirements of TDRSS, i.e., 
high power no multipacting, 

(d) Connector design must be compatible with megabit data rates. 

(e) Connector must have built in verification of proper engagement. 
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DEFINITION OF TECHNOLOGY EEQUIEEMENT NO. C-5. 7 


i. TEC HNQT. QQY RFQTTmEM ENT (TITLE)! SelJ Aligning PAGE4 OF 4. 

Multipin Electrical Connector Assein’bly 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 

SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 

1. Redesign E/U 

2. Modification E/U 

3 . Qualification E/U 

4. 

5. 

- 



















APPLICATION 

1. Design (Pin. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 









. 









j 















13. USAGE SCHEDULE: 

TECHNOLOGY NEED DATE 




A 













1 

'OTAL 

NUMBER OF LAUNCHES 





2 

2 

1 

2 

1 

He 

1 


* 

1 

* 


* 

9 

14. REFERENCES: 
Fliglit support systei 
(NAS5~23203, Mod 4) i 

Letter; NASA/GSFC File ! 
Teclmology ReqLnii 
H. M. Ilcerd, GD 

In-Orfait Servicing by Frarit 
& Aeronautics , Vbl. 13, Nc 

Legend : *Resupply m; 

E/U Engine! 

15. LEVEL OF STATE 01 

\ 

1. Bi\SIC.'PHE«OI)lENA. OBSERVED J 

2. THEORY FOUMULAtTED to DESC 
3* THEORY TESTED BY PHtSlOAL 1 

OR MATHEMATICAL MODEL. 
4. PBRTINEHT FUNCTION OR CHAT 
E,G., ftUTElUAL, CQMiPONEt! 

tl f 
3D7 

No. 

:em 

Don 

u 2 

LSS 

Bri 

' Ai 

UNDR 

RIBE 

3XPE 

lACTi 
\% ^E' 

or Earth Observation Satellites 
4-SA-0057. 

8213, Code 730, Subject; "Study of Future Payload 
ents. Contract NAS 2-8272", F. J. OepoHlnato 
vair, dated 10 January 1975. 

Cepollltig and James Mansfield, pages 46-56 Astronautics 
, dated February 1975. 

ions 

ng Units 

>m S, COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABaRAlORY. 

EPORTED, 6, model TESTED IN AIRCRAFT ENVIRONAIBNT* 

PHENOMENA. 7, MODEL TESTED IN SPACE ENViRONMENT. 

tUMBNT a, NEW CAPABILITY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

:iUSTIC DEMONSTRATED, g, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 

rc, XO. LIFETIME E^XTENSION OF AN OPEHATlONAL MODEL- 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


i . TECHNOLOGY REQUIREMENT (TITLE) : Aacelerometer Pacfe 
for Gravity Gradiometer 


2. TECHNOLOGY CATEGORY: Inert 1 al /E lp-etgomacha.ir? cal 

3. OBJECTIVE /ADVANCEMENT REOinRETl: Measure. stP.adv-st 
the order of 10~^ gal (10 ^ G) with an accuracy of 2 to 3% 


PAGE 1 OF 5 


4. CURRENT STATE OF ART: Miniature Electrostatic Accelerometers (MESA) 


•"6 

httiTP Hptnonstrated capability to measure to 10 G. (continued on p^e 4) 


HAS BEEN CARRIED TO I^EVEL X 


5. DESCRIPTION OF TECHNOLOGY 

A gravity gradiometer system, to be used to obtain improved measurements of 
the earth's gravity field, requires an accuracy of approximately 0.01 EU 
^IQ-ll gai/em) . The principal instrument in_£he gravity gradiometer is a set 
of accelerometers capable of measuring to 10 G. Current state of the art 
is illustrated in figure 1, on the next page. 


P/L REQUIREMENTS BASED ON; □ P RE-A,E1 A,D B,Q C/D 

6 , RATIONALE AND ANALYSIS: 

A. The technology requirement is based on a spinning crucifoann gradiometer 
configuration utilizing four test masses on the ends of the cross. The 
analyses for the measurement were made in a study by the Jet Propulsion 
Laboratory "Earth Physics Satellite Gravity Gradiometer Study." (See reference 1! 
The instrument dimensions have been scaled up from the original version in the 
JPL study, so that its mass is 30 times that of the original, 

3. The Gravity Gradiometer Satellite 0P-02A will benefit from this technology 
advance . 

C. The successful development of the gravity gradiometer will be useful in the 
establishment of an accurate earth subsurface model. This would improve 
knowledge of structure and density distributions of the base of the continental 
crust, mountain ranges, deep sea trenches, etc, with resolutions approximating 
100 kilometers. 

D . The technology program should demonstrate the accuracy of the accelerometer 
package in the space environment. 


TO BE CARRIED TO LEVEL _7 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT (TITLE); Accelernmetfty PAGE 2 OF _5 


CONFIGURATION 


« 

GUIDANCE 

AND 

NAVIGATION 

INTEGRATING ACCELEROMETERS 

TRAJECTORY CONTROL, 
NAVIGATION, GUIDANCE 

CLOSED LOOP 

AV, MIDCOURSE BURN, 
TRAJECTORY ALTERATION 

t 

CLOSED LOOP 


CLOSED LOOP 
OPEN LOOP 

i MONITORING 
AND 

; CONTROL 

SPIN STABILIZATION ■■■■Mi 

CLOSED LOOP 

LOW-g 
ION THRUST 
ENGINES 
SPACE DRAG* 
MEASUREMENTS 

MESA; VSA 

i 

LANDING AND PYROTECHNIC — 

SHOCKS - SHORT DURATION 

: OPEN LOOP, 
PIEZOELECTRIC 
OR FLEXURE 
PROOF MASS 
SUPPORT 

VIBRATION^ MONITORING ■■■■■ 

OPEN LOOP, 
PIEZOELECTRIC 
OR FLEXURE 
PROOF MASS 
SUPPORT 

LEVELING 

DETERMINATION OF PRELAUNCH 
LEVEL AXES 

PLATFORM 

ACCELEROM- 

ETERS, 

PENDULUMS, 
BUBBLE LEVELS 


lO”*^ 10“^ lO"'* 10"^ 10"^ lO"’ 10^ lo’ 10^ 10^ 


ACCELERATION INPUT LEVELS^ g 

Figure 1. Current State of tlie Art for 
Accelerometer Technology 
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DEFMITION OF TECHNOLOGY REQUIREMENT 


NQ» GE 6.1 


1 . TECHNOLOGY REQUIREMENT(TITLE) ; Accelerometer Package PAGE 3 OF 5 


7. TECHNOLOGY OPTIONS: 

Several types of accelerometers will be considered in the investigation: 

a. Closed loop integrating accelerometers (used in booster trajectory 
6NC applications) 

b. Piezoelectric strain monitors on the crucifoimi arms, 

C. Miniature Electrostatic Accelerators. 

D. Vibrating String Accelerometers, 

The MESA is the most likely candidate for the orbital gravity gradiometer 
application because of its extremely low damping and near zero spring 
restraint of the suspension system when scaled for a low g environment. 

8. T1^>CHNICAL PROBLEMS: 

A. High sensitivity 

B. Instrument sensitivity to acceleration component due to drag, 
at low orbits. 

In many aspects the orbital application of gravity gradiometer is ideal 
because of the low acceleration environment. Many of the error sources 
associated with the terres trial gravity gradiometer become (continued on page 4) 

9. POTENTIAL ALTERNATIVES: 

None 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

Extensive effort is being carried out on the terrestrial gravity 
gradiometer for SAMSO. 

EXPE CTED UNPERTURBED LEVEL _5 

11. RELATED TECHNOLOGY REQUIREMENTS: 

A, Precision epfaemeris determination. 

B. Development of 19-hlt A/D converter. 


7-243 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. GE 6.1 


1. TECHNOLOGY REQUIREMENT (TITLEV; Aecslerometer Package PAGE 4 OF 
for Gravity Gradiometer 


Paragraph 4. ^Current State of Art (continued) 

Bell is presently developing a feasibility model of a rotating accelerometer 
gravity gradiometer for aircraft applications under funding from the 
Ktinuteman SPO of SAMSO, USAPi The performance goal in this case is a 
randomness of 1 EU as measured through a 10 second time constant. The 
separation of the Model VII accelerometers for terrestrial gravity gradiometer 
is 20 cm. For the orbital application the space qualified MESAs would be 
substituted for the Model VIIs because of the low acceleration encountered in 
space and the separation between accelerometers 1s increased to one meter. 

The goal of .01 EU is therefore realistic. 

Currently a noise of about 2 EU is measured for four Model VIIs and the 
instruments are in the process of being mounted on the rotating fixture for 
gravity gradient measurements. The feasibility demonstration program for the 
terrestrial gravity gradiometer is scheduled for completion in mid-1976. 


Paragraph 8. '^ Technical Problems (continued) 

negligible in the orbital case. The major unknown parameter is the residual 
thermal noise of evacuated and modified MESAs. Theoretically a noise level 
of under. 01 EU should be achievable based on present data obtained on Model VII 
accelerometers, but verification in laboratory is necessary. Another unknown 
area at this time are the residual drag acceleration components of the 
satellite at spin or twice spin speed. 


* Excerpts from inputs by Dr. Ernest H, Metzger, Chief Advanced Inertial 
Systems, Bell Aerospace Company. 




DEFINITION OF TECHNOLOGY REQUIREMENT 


NO.GE 6.1 


1. TECm^OLOGY REQUIREMENT (TTTT.E); Accelerometer Eaekage PAGE 5 OF X 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. ANALYSES 

2. MODEL DESIGN 

3. MODEL MANOFACmilE 

4. GROUND TESTS 

5. PROTOTYPE MANUFACTURE 

6. ROCKET TESTS 


APPLICATION 

1. Design (Ph. C) ' 

2. Devl/Fab (Ph. D) 

3. Operations 



13. USAGE SCHEDULE; 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES; 


H Bia— H 


1. "Earth Physics Satellite Gravity Gradiometer Study" Report #760-70, JPL 

2. "Space Vehicle Accelerometer Applications", NASA SP-8102. 

3. Comments from Dr. Ernest H. Metzger, Bell Aerospace Company concerning 
the gravity gradiometer work currently being performed at their 
facilities . 


15. LEVEL OF STATE OF ART 

1. BSaiO PHENOMENA OBSERVI D AND REPORTED. 

2. TIIEOEY FOimUlATED TO EESCJUBE PHENOMENA, 
a. THEOFIY TESTED BY PlfYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL. 

4« PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 
E,G.. material, component, ETC. 


fi. COMPONENT OR BREAD BOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LAEOaATORY , 

6. MODEL TESTED IN AIRCRA FT EN VlRONilENT. 

7* MODEL* TESTED IN SPACE ENVIRONMENT. 

8. NEW CAPABILITY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

9, RELlAMLlTy UPGRADING OF AN OPERATIONAL MODEL, 
10. LIFETLME EXTENSION OF AN OI'EEATIONAJ.* MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1 . TECHNOLOGY REQUIREMENT mTLE); Life Sciences PAGE 1 OF 5 

Organism Holding IMts 

2 . TECHNOLOGY CATEGORY; Life Soiencss 

3. OBJECTIVE /ADVANCEMENT HEOTnPT^n. To develop spaceflight holding units for 

primates, small vertebrates, cells and tissues, invertebrates and plants. wMch mee t 
the requirements of the life sciences principal investigators. 

4. CURRENT STATE OP ART: Separate small holding mdts have been flown in past 

tmmanned (Biosatellite) and manned spacecraft. Several prototypes of larger hnjtifng 
(Cont'd on Page 3) HAS BEEN CARR IED TO LEVEL 

5. DESCRIPTrON OF TECHNOLOGY 

Orgaaaism holding units are needed to house various research organisms and support 
whatever research procedures are required by the scientists. Except for primates or 
other large vertebrates, multiple organisms may be accommodated within each holding 
unit in order to provide a statistical basis for the observed scientific results. fftnalT 
vertebrates would be contained in individual cages within one or more holding units 
to be flown on each mission. Holding unit design emphasis will initially be placed 
upon the support of vertebrates, and cells and tissues since these types of organisms 
can be used more directly in the study of spaceflight effects on man. 

In addition to a controlled atmospheric environment for the organisms (see Table 1 
for typical environmental requirements) the holding units may have to provide one or 
more of the following, depending upon the research being conducted; (1) Data acquisi- 
tion interfe.ce equipment for monitoring the organism without electromagnetic inter- 

(Cont'd on Page 2) p/L REQUIREMENTS BASED ON; ^ PRE-A,D A,Q B.Q C/D 

6. RATIONALE AND ANALYSIS: 

a. The use of organisms in spaceflight experiments will require some sort of holding 
fecility. Many varieties of oi^anisms have been propos ed because of the nature of the 
research being performed. Such organisms include moniceys, rats, mice, turtles, 
chickens, quail, rabbits, fish, frog and fish eggs, tissues, cultures, marigolds, algae, 

flies, spiders, etc. Some organisms and experiments involve the use of radioactive 
tracers which should not eater the crew environment. Other experimeats require 
special atmospheric conditions such as tempei*ature, gaseous composition, pressure, 
etc. (ref. Table I). Metabolic experiments require special measurement devices 
associated with feeding, watering, and waste management. Plant experiments may 
require special lighting characteristics and soheduJ.ing. All of the above requirements 
can be met in the form of one or more special holding units designed with these re- 
quirements in mind. 

b. The payload .which will benefit from this development will be the life Sciences Shuttle 
Laboratoi^ (LS-09-S), and the Life Sciences Mini-Labs (LS-IO-S). 

c. Allows populations of various organisms to be flown and maintained. Allows for statis- 
tical number’s ( >30) of organisms. 

d. Reliability improvement of operational models is required. 

TO BE CARRIED TO LEVEL _9_ 

KSBCEDINg PASE blank not IttMED 
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DEFimTION OF TECHNOLOGY REQUIREMENT 


NO, 

1. TECHNOLOGY REQUIREMENT fTITLE)? Life Scienoes Organisms PAGE 2 OF 5 
Holdine Units 

4. CURRENT STATE OP ART (Cont'd) 

TBiits Iiave been built and are currently being reviewed and/or tested by NASA for future 
appKcation, 

5. DESCRIPTION OF TECHNOLOGY (Cont'd) 

ference (EMI); (2) Special feeding and watering equipment to provide for accurate meas- 
urement of these functions; (3) Bio -waste collection and management equipment; (4) A 
containment shroud or device to allow crew access to the organisms without organism 
escape into the cabin or cabin contamination; (5) Noise and vibration abatement features; 
(6) Special lighting provisions; (7) Provision for photographic or video coverage of the 
organisms witlain the holding unit. 


Past organisms in spacecraft have been housed in small enclosures specific to the 
particular experiment being conducted. Very limited manipulation of these organisms 
has been performed by the crew. BiosatelKte experiments were unmanned and generally 
quite specific in nature. Current holding units potentially applicable to future space- 
flights include: (1) the Convair Common Holding Unit, (2) the Monkey Pod being developed 
at the Ihiiversity of California, and (3) orbiting primate prototype monliey housing units 
developed by Lockheed and Northrup. 


TABLE I. LXFB SCIENCES HOLOmC UNIT REQumBMENTS 



PRIMATES 

NON-PIUMATE 

VERTEBRATES 

CELLS & 
TISSUES 

PLANTS 

[NVERTEBRATES 


LS-041 

LS-O40 

LS-060 

LS-OSO 

LS-070 

Temperatures* Range, *F 

68- 36 

70-86 

C4 -100 

62-82 

50-09 

Tolerances, 

tbl 

±1 


±1 


Humidity*" Range, % 

4B-70 

40** 78 

67 - 100 

51 -92 

16-91 

Tolerances, % 

;fc2 


^2 

±2 

i2 

Atmospheric Nominal 

lAtm 

lAtm 

lAtm 

1 Atm 

1 Atm 

Pressure Mfuc CO^ partial 

pressure, torr 

3 

3 

3 

7*6 

3-7 

liiglitiag ft-cd 

90 ± 10 

90^10 

90il0 

Daylight fluores- 
centlflOd^ 10 

0 - 120 

Sound Xsolation, 

TBD 

TBD 

TBD 

TBD 

TBD 

Vibration p EMI, Radiation 

TBD 

TBD 

TBD 

TBD 

TBD 

Food Mnnagemcnt 

Demand or cou" 
trolled feed* 

' Stored pellets* 

Demand or con- 
trolled feed. 

Stored pellets GT* 

paste type fe 

Stored Nutrients 
3d* 

Stored Nutrients 

Stored Nutrients 

WMte Management 

Removal, collec- 
UoQ St neporatlou 

Remove, collec- 
tion £r separation 

TBD 

TBD 

TBD 


^COBiroUmlde at any potit within range. 7*"248 g/1/74 

















DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. c-7.1 


1 . TECHNOLOGY REQUIREMENT(TITLE) : Sciences Organism pagE 3 OF A 

Holding Units 


7. TECHNOLOGY OPTIONS: 

Options in the holding nnit design include size, shape, internal configurations, the 
use of restrained organisms as apposed to unrestrained organisms . The size and 
nunaber of internal cages for small organisms would be open to future studies. Also, 
mixing various compatible types of organisms within one holding unit should be 
considered. 


8. TECHNICAL PROBLEMS; 

The holding unit must be designed for broad application. It will be used not only in 
flij^tbut pre~ and post-flight and for ground testing in the principal investigator’s 
laboratory. Thus, its size, internal configuration, electrical power interconnections, 
coolant interconnections, weight, and other properties must be compatible with all the 
environmmts in which it will be used, both in 0-g and 1-g. The holding unit should be 
sealable for those experiments which cannot intermix the air ventilating the organism 

9. POTENTIAL ALTERNATIVES: (Cont’d on Page 4) 

Some experiments may be capable of being performed without a holding unit. 

For example, limited plant experiments might be performed within the cabin 
environment. This alternative, however, will not be satisfactory for many expert 
ments which require controlled environmental conditions, atmospheric isolation, 
controlled data acquisition, etc. 

(Coat'd on Page 4) 


a. 


10, PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

RTOP is currently under review at NASA Headquarters. The COR will be Bill 
Patterson at NASA/MSFC. 


EXPECTED UNPERTURBED LEVEL 


11 


. related TECHNOLOGY REQUIREMENTS: 

Several related technology areas may be the subject of independent study such as organism 
feeding systems,j^zero-g mass measurement of unrestrained animals, and waste meas- 
urement systems which can be used in metabolic studies. Operational problems as- 
sociated with loading and unloading organisms from the Space Sliuttle/^acelab may 
also be studied independently. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. C-7.1 

II I II — M— I - III ■ rj fc l II I II IIMMII.I I . 

X. TECHNOLOGY REQUIREMENT fTITLE\ ♦ Life Sciences PAGE 4 OF 5 

Organisms Holding Units 


8. TECHNICAL PROBLEMS (Cant’d) 
with that of the cahin. 

Organism feedmg, watering and waste systems must not only be compatible with 
0-g, but for some experiments must provide accurate measurements of the quanti- 
ties consumed or produced. EMI will undoubtedly be a problem with low voltage 
electrophysiologieal signals. 

Spacecraft operational factors will have to be tal^en into accoimt in holding unit de- 
velopment. These may include: (1) loading and unloadh^ of the holding unit, (2) 
orientation of the holding imit and organisms during various flight and ground phases 
of the mission, (3) vibration and acceleration loads, (4) refurbishment between flights, 
(5) modificatiaas to the holding unit to accommodate anew type of organism or a 
mixture of organisms, and (6) subsystem support of the bolding units including elec- 
trical power, thermal control fluids and data management hmctions. 


9. POTENTIAL ALTERNATIVES (Cont’d) 

b. Another alternative to the use of a general purpose holding unit would be the 

use of speciHc hniding units or cages for each organism and experiment. This 
concept is not considered to be a good approach since it would be costly and 
would result in many problems in mission operations, spacecraft integration, 
and research program coordination. 

— - 

14. REFERENCES: 

Study of Common Holding Units and Environmental Control SSystems for Biological 
Ox'ganisms in Spacecraft Laboratories, General Dynamics/Convair Aerospace Planning 
Document No. PD663-74-003, San Diego, CA, August 1974. 

life Scien ces Payload Definition & Ihtegrallon Study. Task CfiiD, CASD-NAS-78-008, Vols. 
I, H, IH&IV, Contract NAS8-29150, General Dynasnics/Convair Aerospace, Aug. 1973. 

A Study of Environmental Control and Life Support ^sterns for Spacecraft Ajoimal Experi- 
ments, Report No. GDC-ERR-1401, General Dynamics/Convair Division, SanDiego, 

CA, Dee. 1969. 

Implementation Techniques for a General l^ace Bioresearch Laboratory, Report No. 
GDOA-EER-1657, General lynaraics/Canvalr Aerospace Division, Sau Diego, CA, Jan. 
1 . 972 « 

Space Bioexperimente Support and Transfer Equipment Fabrication and Testing, Report 
No. GDCA-ERR-1716, Goieral Dynamics/Convair Aerospace Division, SanDiego, CA, 

I Dec. 1972. 




DEFINITION OP TECHNOLOGY REQUIREMENT 

NO. C-7.1 

1. TECHNOLOGY REQUIREMENT (TITLE): Life Sciences 

PAGE 5 OF 

Oraanism Holdine Units 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 



SCHEDULE ITEM 


TECHNOLOGY 

1. CoECjeptual Desiga & 

Planning Study 

2. Prototype Design, Eab. 

& Test 

3. Might Sy'S. Design, 

Sah. , Qual. 

4. P.I, use & baseline 

data accumulation 

APPLICATION 

1. Design (Ph, C) 

2. Devl/3?ab (Ph. D) 

3 . Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 

14. REFERENCES: (See Page '1) 



4 4 4 4 4 4 4 4 5 55 5 52 


T = Technology 
• = Sortie Opex'ations 

T1 = LS>-09“S, Life Sciences Shuttle Laboratory 
T2 = LS-IO-S, Life Sciences Mini-Labs 


15. LEVEL OF STATE OF ART 


1. BASIC PHENOMENA OBSETIVED AND RETORTED. 

2. THEORY POUMUIATED TO DESCRIBE PHENOMENA. 

3. THEORY TESl’ED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL* 

PERTINENT PUNCTION OR CHARACTERISTIC DEMONSTRATED, 
: , E.G*,. MATERIAL, COMPONENT* ETC. 


S, COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY, 

Q, MODEL TESTED IN AIRCRAFT ENVIRONMENT* 

7, MODEL TESTED IN SPACE ENVIRONMENT, 

8, NEW CAPABILITY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL, 

9, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10, LTEETIME EXTENSION OF AN OPERATIONAL MODEL, 
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DEFECTION OF TECHNOLOGY REQUIREMENT NO. C-7.2 

1. TECHNOLOGY REQUIREMENT (TITLE); Bioreseaxch PAGE 1 OF ^ 

Centrifuge 

2. TECHNOLOGY CATEGORY: Life Sciences 

3. OBJECTIVE /ADVANCEMENT REOTHRET) : To deyelop a contintious rotation centrx~ 

fiige capable of supportmg live organisms for up to 30 days. 


4. CURRENT STATE OF ART: Ground-based centrifuges have been used for providin g 

bypergravity. A centrifuge for space research is nresentlv only conoeptual 

HAS BEEN CARRIED TO LEVEL ^ 

5. DESCRIPTION OF TECHNOLOGY 

The basic requirement is to provide a control 1-g environment for organisms (i. e. , 
rats, plants, etc'.) for up to SO days. Proyisions for food and waste management, the 
collection of data and samples (blood, urine, tissues), and theeisurance of TniuiTmi-m 
disturbance must be considered. Drive and balance mechanisms for the envisioned 
3.6 m diameter centrifuge are of particular concern. 


P/L REQUIREMENTS BASED ON; [g - PRE-A, □ A, □ B,D C/D 

6. RATIONALE AND ANALYSIS: 

a) The 1-g environment provided by the Bioresearch Centrifuge permits normo- 
gravity control organisms to be aboard the Spacelab and direct comparison of 
results with the zero-g organisms . Qn-board 1-g controls instead of earth- 
bound controls obviate the simulation of launch and re-entry stress conditions 
on the earth controls. 

b) The Bioresearch Centrifuge is to be used in conjunction with the life Sciences 
Shuttle Laboratory, IB-09-S. 

c) The centrifuge enables life sciences experiments in space under variable but 

controlled g levels, including reconditioning after a period of near zero **g” 
prior to reentry. • 

d) Final test is in space on a Shuttle sortie mission. 

Initial but partial technology demonstration test will be performed in laboratory. 

BusCESDING page BLAKE NOT HLBffiD' 6/ 

TO BE CARRIED TO LEVEL>^ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-7.2 







DEFINITION OF TECHNOLOGY REQUIREMENT NO, C-7. 2 

1. TECHNOLOGY REQUIREMENT mTT.E); Bioreseajroli Centrifuge PAGE 3 OF , , 3 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 
CALENDAR YEAR 


SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 


— 1 

TECHNOLOGY 

1. Concepts and Trades 

2. Exp. Model Design 

3. Exp. Model Fab, 

4. Test and Evaluation 

- 

— 

— 






— 

— 










APPLICATION 

1. Design (Ph, C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

i 






1 

i 



- 

09 

• 9 

9B 

09 

i 

00 

oe 

oo 

i 







13. USAGE SCHEDULE: 











TECHNOLOGY NEED DATE 




X 





X 








T 

OTAL 

NUMBER OF LAUNCHES 










2 

2 

2 

2 

2 

2 

2 


14 

14. REFERENCES: 

SSPDA: Payload LS-08-S ■ 
Payload Descripti 

15. LEVEL OF STATE OF AR 

U PHIS NpMENA OBSERVED AND RS 

THEORY FORMULATED TO DESCRIBE 1 
3* THEORY TESl’ED BY PHYSICAL EXPEH 
OR MATHEMATICAL MODEL. 

4. PERTINENT FUNCTION OR CHARACTE: 
B*G., MATERIAL, COMPONENT, ET 

- Life Scieaoes Bxoresearch Centrifuge, Summarized NASA 
ons, MSFC, Oct, 197S. 

,T 5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABORATORY, 

3P0RTED. 6 . MODEL TESTED IN AIRCRAFT ENVIRONMENT, 

PHENOMENA. 7 , MODEL TBS'fED !N SPACE ENVIRONMENT. 

JMENT a. NEW CAPABILITY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

RISTIC DEMONSTRATED. 0. RBUABILITY UPGRADING OF AN OPERATIONAL MODEL, 

C, 10. LIFBTLMB extension of an OrLRATlONAL MODEL, 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO* 

1. TECHNOLOGY REQUIREMENT (TITLE) ; Teleoperator Subsystems PAGE 1 OF 


2. TECHNOLOGY CATEGORY: Life Soieaoes 

3. OBJECTIVE/ ADVANCEMENT RF.QnTRF.r>; Development of display, manipulator 
controller and end effectors for teleoperator application. 


4. CURRENT STATE OF ART: There are several earth,"based teleoperator systenis* 

However, technology deETciencxes exist in certain snlbsystem areas. 

HAS BEEN CARRIED TO LEVEL 5 ^ 

5. DESCRIPTION OF TECHNOLOGY 

Advanced technology is needed with respect to teleoperator systems (e.g. , Free-Flying 
Teleoperator, and Shuttle Orbiter Remote Manipulator) in at least the following three 
areas: 

1, Video display capable of providing Mgh-resolution, three-dimensional picture that 
in effect places the operator at the end-effector site. 

2, Manipulator/Grappler and controllers for providing the sensitivily, light-to-heavy 
grappling, power and resolutton desired. 

3, End effectors which can sectnre all types of payloads with suffieient but not excessive 
force. 


P/L REQUIREMENTS BASED ON: H PRE-A,P A,D B,P C/D 

6. RATIONALE AND ANALYSIS; 

a. These technology problems evolve from functional analysis of the teleoperator rey.mts, 

b. This technology is required for the Free-Flying Teleoperator payload, LS-04-S. The 
advanced technology is required for experiments in the manned systems integration 
research areas. 

c. Implementation of the teleoperator capability would enable supplement EVA as a 
means for spacecraft and experiment equipment repair and service in orbit. 

d. This technology advance requirement will be met with a final test in orbit on a Shuttle 
flight. 

Initial test may be performed at the Lunar landing simulator site at Langley Research 
Center to demonstrate the technologj readiness. 


'SUING PAGE BLANK NOT HLBIBD' 

TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 0-7.3 


TECHNOLOGY REQUIREMENT(TITLE) ; Teleoperator Sobsystems PAGE 2 OF 


7. TECHNOLOGY OPTIONS: 

a) Displays - It is possible ibat existing displays such as a seven-inch, monitor de- 
veloped for Sliylab could be used. However, a technology study of video parameters 
such as illumination, color vs B/W, and stereo vs. two-dimensional multi-camera 
systems is required. 

b) Sensor Systems - Trade studies of advanced sensors, e.g. , touch, position, optical 
ranging, force, etc. 

c) Control - Pre-programmed vs. master/slave operation. 


8. TECHNICAL PROBLEMS: 

a. End effector action and reaction. 

b. TV camera tiiree-dimensional perception effectiveness. 

c. Remote manipulator controls feedback servicii^ effectiveness. 

d. Range-and-range-rate sensor to supplement TV. 


9. POTENTIAL ALTERNATIVES: 

a) Display Systems - Rather than strictly analog TV s^sors and display digital process 
ing may add S-D information at increased cost and complexity. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

a. W 74-70347 (502-03-32) Artificial Intelligence for Integrated Robot Systems, 

Robert Powell, JPL 

b. W74-70791 (970-23-20) Teleoperator Manipulator and End Effector Technology, 

H, P. Kleen, ARC 

c. W74-70823 Remotely Manned Systems Displays and Supervisory ControI( Requirements 
for Payload Wotic Station Design), J. R. Thompson, MSFC, Huntsville, Ala. 

d. W74-70824 (970-63-10), Teleoperator Control and Manipulation, W. G, Thornton, MSFCl 

SuntsvLlle, Ala. (Ph. 205-453-5530) EXPECTED UNPERTURBED LEVEL J7_ 


11. RELATED TECHNOLOGY IffiQUIREMENTS: 

Range-Rate Sensor (a separate development) will be coupled wifli the display/eohteol 
aspects of the teleoperator system for payload retrieval missions. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO, 0-7.3 


1. TECHNOLOGY REQUIREMENT (TTTT.E)? Teleoperator Subsystems PAGE 3 OF 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 75 76 77 78 


TECHNOLOGY 
1 . Basic Research 



2 . Design/ Fahricatian 

3. Test, Evaluation and 
Concept Improvement 
Final Test in ^ace 


APPLICATION Free-Fl 5 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 

1. SSPDA; Payload LB-04-S, Free-Flying Teleoperator, Summarized NASA Payload 
Descriptions, MSFC, July 1974. 

2. Shuttle Free-Flying Teleoperator System Experiment Definition, NAS8-2789S, 

Bell Aerospace, June 1972. 



15. LEVEL OF STATE OF ART 

1. BASIC PHENOMENA OBSERVED AND REPORTED. 

2. THEORY formulated TO DESCRIBE PHENOMENA. 

3, theory tested by PilVSlCAL EXPERIMENT 

OE MATHEMATICAL MODEL. 

4, PERTINEN'T EUNCT^ON or CRARACTERISTIC DEMONSTRATED, 

E,Ci,. MATERIAL COMPONENT, ETC* 


6, COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIHONMENT in the LABORAI’ORY* 
a, MODEL tested LN AlRCRAET ENVIRONMENT* 

7* MODEL TESTED IN SPACE ENVIRONMENT. 

a* NEAV capabiuty derived from a much lesser 

OPERATIONAL MODEL. 

9, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. LIFETLME EXTENSION OP AN OPERATlON.At- MODEL. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


C-7.4 


1. TECHNOLOGY REQUIREMENT (TITLE): Surgery in Space PAGE 1 OF J 

2 . TECHNOLOGY CATEGORY: Life Sciences 

3 . OBJECTIVE/ ADVANCEMENT REQTnRED; Develop tectmiques for perfornimg 


surgery on animals in 0-g. 



4. CURRENT STATE OF ART: Routine surgery in 1-g is MgMy developed. 


HAS BEEN CARRIED TO LEVEL ± 

5. DESCRIPTION OF TECHNOLOGY 

There are several unknowns concerning surgery on animals or emergency surgery 
on humans in the space environment. The principal concerns are: 

1. Retention and control of tools and instruments . 

2. Confinement of fluids (e.g., blood), tissues, specimens. 

3. Visibility and manipulation oi animal contained wltjbin shrouded area. 

4. Maintenance of a sterile field about the surgery site. 


P/L REQUIREMENTS BASED ON; PRE-A,Q A,D B,P C/D 

6, RATIONALE AND ANALYSIS: 

• -a. Techniques are derivable from ground and Slcylab experience. 
b» B enefititig payloads : 

Any life Sciences payloads containing animals as research subjects or h umans . 
Ih particular - Life Sciences Shuttle Laboratory, LS-09-S 
- Life Sciences Mini-Labs, LS-IO-S 

c. Justification for advancement: 

Surgery on animals in the space environment ■will be required for autopsy, j 
biopsy, sensor implementation or removal, stress induction and, in the case j 
of humans, minor emergencies. It will be needed to provide a research pro- 
gram similar to that found in the principal investigator's laboratory where 
such surgery is routine. 

d. Final test is in space on a Sortie fli^t. 

Initial technology tests would be performed on a zero-gra-vity simulator. 

5/ 

TO BE CARRIED TO LEVELS 

7 - 2&1 

J'REClilOTNG PAGE BLANK NOT FILMED' 






DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-7.4 


1. TECHNOLOGY REQUIREMENTfTITLE^: Surgeiy in Space page 2 OF 


7. TECHNOLOGY OPTIONS: 

Refereace 1 details the following technology development areas. These are only examples 
of potential approaches to required technology for performing surgery in space. 

a) Zero-G Equipment Restraint - A device fabricated of small diameter surgical rubbe 
tubing or large rubber bands secured in holes or notches properly positioned in a light- 
weight frame to produce an open elastic grid. Test tubes, pencils, syringes, petri dishes, 
reagent bottles, beakers, etc. , can be rapidly secured by insertion between slightly 
stretched rubber bands at a position on the double grid where the spacing was somewhat 
smaller than the size of the object to be secured. 

b) Air Flow Zero-G Work Surface - The air flow zero-g work surface is a screen or 
other perforated surface attached to an air duct and blower to induce a stream of air throug 
the surface and provides a positive force acting to hold items against the work surface. 

0 ) Flexible Shroud - A transparent, flexible shroud for debris containment. The shroiy 
is equipped with arm slits to enable the experimenter to gain access to all equipment within 
the shroud. With the shroud positioned over the area in front of the anim al housing unit, 
all other equipment items required for animal handling procedures are located within the 
shroud. 

d) Vertebrate Management Mt - A kit providing tools and devices for restraining small 
animals during surgery. lueludes hamess-lype restraints and a universal animal dissec- 
tion board, 

0, POTENTIAL ALTERNATIVES: 

Reference 2 includes other potential solutions. 


10, PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

a. Concept Verification & Test (CVT) at NASA/JSC to test some initial concepts. 

b. A working prototype of an ARC developed multipurpose workbench/ surgery table was 
tested in the ARC/MSFC CVT in July 1974. Further in-house work is in progress to 
upgrade this unit. The Initial tests were quite promising. 

EXPECTED UNPERTURBED LEVEL ^ 

11. RELATED TECHNOLOGY REQUIREMENTS; 

Development of organism holding units and interface elements for performing animal 
surgery. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. C-7. 4 

1. TECHNOLOGY REQUIREMENT (TITLE): Surgery in Space _ PAGE 3 OF _S_ 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 


SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

31 



TECHNOLOGY 

1. Technique Improvements 

2. Experiment Technique 
Design 

3. E^ei’iment Technique 
Gx’ound Test 

4. Zero g Simulations in 
Water Tank 

5. Evaluation 


— 


- 
















APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

1 

4. 




i 


i 

««» 



1 

too 




& 0 

i 

! 

0 0 






13, USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 




X 










[_ 



T 

1 

OTAL 

NUMBER OF LAUNCHES 






i 

2* 

2 

2 

2 

2 

2 

2 

2 

2 

2 

i 

20 


14. REFERENCES: 


1. life Sciences Payload Definitioii and Integration Study, NAS8-30288, August 1974. 

New Technology Reports submitted to NASA/MSFC m conjunction with.NAS8-30288: 

a) Zero-G Equipment Restraint 

b) Air Plow Zero-G Work Surface 

2. NASA Technical Brief 10887, soon to be published. 


* Life Sciences Shuttle Laboratory, LS-09-S. 

15. LEVEL OP STATE OF ART 

1- BASIC phenomena OBSERVED AND HEPORTED. 

2, THEORY raUMULATED TO DESCRIBE PHENOMENA, 

3. THEORY TESTED BY PHYSICAL EXPERIMENT 

OR MATHEM.ATICAL .MODEL, 

4* PERTINENT FUNCTION OR CIIAHACTERISTIC DEMONSTRATED* 
E*G,, MATERIA.L* COMPONENT, ETC. 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABORATORY. 

6. MODEL TESTED IN AIRCRAFT ENVlRON^ilENT. 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

e. NEW CAPABILITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL, 
10, LIFETIME EXTENSION OF AN OPERATIONAL MODEL. 
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990«ii 


INSTRUMENT REQUIREMENTS 
Surface Cleaning (With Plasma Jets) 


CONTANIINATION- 
SENSmVE SORTIES 
& SPACE TECHNOLOGY 
SORTIES _ 



MISSION REQUIREMENT 
(COOLED TELESCOPE MISSIONS) 


EXTEND TELESCOPE USEFUL 
LIFE BY PERIODIC REMOVAL 
OF CONTAMINANT DEPOSITION 


CLEANING REQUIREMENT 

REDUCE WAVEFRONT ERROR 
CAUSED BY DEPOSITION TO 
- TOLERABLE VALUES BY CLEANING 
& PLASMA POLISHING (UP TO 3-m 
DIAMETER MIRRORS) 


CONTAMINATION MONITORS 
(MEASURE ACCRUED 
DEPOSITION) 



PLASMA JET ACCELERATOR 

(TEMPORARILY SUPPORTED BY 
SECONDARY MIRROR STRUTS. 
GIMBALED FOR SYSTEMATIC 
SCAN OF MIRROR SURFACE) 


1 

PRIMARY 

MIRROR 


TELESCOPE 


. 1 

9 9 

3 S 

IS o 




CONTAMINATION - SURFACE CLEANING 
WITH PLASMA JETS 


ITEM 

CAPABILITY 

REQUIRED 

STATE OF ART* 

MEASURE OF CONTAMINANT TYPE & MASS 
RANGE (AMUl 

1 TO 300 

2 TO 150 

DEPOSITION MEASUREMENT RESOLUTION (g/cm^) 

1 X 10"^' 

1 X 10"^° 

DEPOSITION MEASUREMENT RANGE Ig/cm^l 

1 X 10"^° TO 
1 X 10'^ 

1 X 10"’ TO 
1 X 10"‘* 

CLEANING AREAlcm^) 

) 0,000 

100 

CONTROLLAB ILITY OF CILANING RATE 
(g/cm^ SEC) 

2 X 10‘^° 

10‘^ 


■*0G0-6, GROUND-BASED LABORATORIES 











DEFINITION OF TECHNOLOGY REQUIREMENT NO. G-8.1 

1. TECHNOLOGY REQUIREMENT (TITLE); Active Cleaner PAGE 4 OF _ 7 


6. RATIONALE AND ANALYSIS 

a. The total deposition and deposition rates recorded from the OGO-6 experi- 
ments were from 5 to 10 x 10~ ’ gm/cm^ deposition and np to 9 x gm/ 

cm^-sec. deposition rate. Based on these records, deposit removal rates 
should exceed these by 2 to 3 orders of magnitude, i.e. , 10“*^ gm/cm^~sec. 

The larger and more complex payloads envisioned for launch by Space • 

Shuttle will be subjected to contamination rates well in excess of the maximum 
rates recorded by OGO-6. The Space Shuttle Sortie missions will be especially 
severe with RCS, material outgassing and waste dumps. Further experiments 
are needed to determine the removal rates required for these payloads. Shields and 
doors protect only on ascent .and descent, not during observation, 
h* All astronomy payloads, Earth Resources payloads, and miscellaneous 
payloads using optical surfaces or ports will benefit. 

c. Degradation of transmission or reflectance can render an experiment use- 
less, even though the supporting payload systems continue to operate. The 
ERTS-1 Multi-spectral Scanner calibration system was useless when activated, 
apparently due to contamination. Even moderate contamination can render the 
payload performance so low as to be worthless as a scientific experiment. 

Additional benefits result from fewer spacecraft required or fewer shr.ttle 
retrlval missions. 

d. To be used as a method for extending the usefiil life of spacecraft optics, 
active cleaners must have demonstrated successful prototype qualification. 

Tliis will include on-orbit tests using a variety of gases, plasma powers, 
and surface scanning methods. The qualification must also include tests on 
a variety of contaminants including UV ejq)osure on the various test samples. 

Final test will be in orbit on a Shuttle sortie flight. 


I 


TO BE CARRIED TO LEVEL ? 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 0-8.1 


1 . TECHNOLOGY REQUIREMENT(TITLE) : Activft niRfluftr PAGE 1 OF 2 


7. TECHNOLOGY OPTIONS: 

The critical parameter is the removal rate. This parameter is affected by: 

a. Plasma power 

b. Type of gS'S used to generate the ionized plasma. 

c . Distance from plasma orifice to sux’face treated. 

d. Type of contaminant. 

The first three items can be varied to affect removal rates. Plasma power and the 
beam forming methods used can both be optimized fixr a particular applicationo The 
beam power Avould vary from 10 to 100 watts, depending on the beam cross section, 
the contamination to be removed and the speed of removal required. Various i^^pes 
of gas can be used including Argon, Oxygen, Helium and Hydrogen. Further study i s 
needed to determine die optimum gas and power for a ^ecific surface. 

fContinued on page 61 

8. TECHNICAL PROBLEMS; 

Inaccurate control of the plasma could cause erosion of the optical surface overcoating. 
Structure, lubricants and seals adjacent to the treated surface wiU have to be shielded 
from the plasma to minimize re- contamination of tlie optical surface. Improved 
techniques are needed to insure ignition, treat large surfaces and avoid interference 
with spacecraft communication. 

(Continued on page 6) 

9. POTENTIAL ALTERNATIVES: 

a. Protective Covers, 

b. Careful material selection, 

e. Cooled sacrificial surfaces. 

d. Balce-out in-situ. 

e. Long outgassing periods prior tg surface exposure following orbit insertion. 

f. Retrieval and replacement of degraded surfeices. 

g. Avoi d di^osition in space. 

1 0 . PLANNED PROGRAMS OR UNPERTLUBED TECHNOLOGY ADVANCEMENT: 

a. NASA Contract NAS 8-26385 , "Active Cleaning Technique for Removing Contamination 
from Optical Surfaces in ^ace. " 

b. NASA Contract NAS 8-2827Q, "Active Cleaning Technique Device." 

(Continued on page 6) EXPECTED UNPERTURBED LEVEL 

U. RELATED TECHNOLOGY REQUIREMENTS; 

Technology advances in the identification of contamination meclianisms and tlie 
elimination of contamination sources throu^ materials research. 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. -Q-8. 1 


1. TECHNOLOGY REQUIREMENT (TITIiE); Active Cleaner PAGE 6 OF^ 


7. TECHNOLOGY OPTIONS (Continued) 

The most efficient method for contamination removal is by plasma bombardment. 

Removal of contamination by plasma bombardment results when the ions in the plasma 
impact the surface. The removal of material is called sputtering. The cleaning rate 
is a function of 

a) Mass of the bombarding ion 

b) Mass of the contamination atoms 

c) Ion impact energy 

d) Plasma density 

d) Angle of incidence 
f) Surface finish 

2 

Maximum cleaning rates are achieved for liigh density plasma (mA/cm ) and impact 
energies in the 1 to 10 keV range. To clean carbonaceous contamination a neon plasma 
is most efficient. For higher molecular v/eight contamination, an argon or Icrypton plasma 
would be used. 

S. TECHNICAL PROBLEMS (Continued) 

Uniform control of the plasma cleaning rate across the contaminated surface is the 
principle problem in using ion bombardment for cleaning. It will be necessary to 
maintain removal precision to a few angstroms to avoid damaging optical surfaces. 

To maintain uniform cleaning rates a QCM servo-loop to control the plasma generator 
is needed. 

10. UNPERTURBED TECHNOLOGY ADVANCEMENTS (Continued) 

At present tliere is no program to develop a QCM servo control of a plasma contamination 
removal system. Without such a program it will be impractical to use a plasma cleaning 
system . 





DEFINITION OF TECHNOLOGY REQUIREMENT 


1. TECHNOLOGY REQUIREMENT (TITJ .E^ : Active Cleaner 


PAGEj_OF 




12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Basic Research 

2. Design 

3 ^ Fabrication 
4. Test and Evaluation 


5, Documentation 




2. Devl/Fab {Ph. D) 
3 » Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 




1. "Control of Contaminants on Sensors" N73-33367 

2. "Active Cleaning Technique for Removing Contamination from Optical Surfaces 

Bi Space" N73-30697 & N71-35075 

3. "A Survey of Contamination of Spacecraft Surfaces" (Contract No, NAS 8-26004) 

4. "Sipace Measurements of the Contamination of Surfaces by OGO-6. Outgasstng 

and Their Cleaning by guttering and Desorption" N71-20207 

5. "Report on Skylab QCM Performance" N73-31412 

6. Comments from Boeing Aerospace Company, Roger B. Gillette, 88-06, Dec. 6, 
1974. 

7. Comments feoBl Dan McKeown, Foraday Labs, Dec. 18, 1974. 

Legend; 

T - Teclmology 

15. LEVEL OF STATE OF ART s* comwjnbntor breadboard tested in relevant 


1. BASIC PHENOMENA OBSERVED AND REPORTED. 

2. THEORY FORMULATED TO DESCRIBE PHENOMENA. 

3. TIIEOnV TESTED BY PHYSICAI. EXPERIMENT 

OR iMATIlEMATiCAL MODEL, 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 

E.G., MATERIAL. COMPONENT, BTC. ' 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

environment in the laboratory. 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

B. NEW CAPABILITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL, 
10. LIFETIME EXTENSION OF AN OPERATIONAL MODEL. 
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DEFINITION OP TECHNOLOGY REQUIREMENT NO. C-S.2 

' ^ 3I3vaSce3 ~ ^ — 

{ 1. TECHNOLOGY REQUIREMENT fTITLE^: Contamination Monitors PAGE 1 OF 6 

Contamina nt identification^ rate and deposition measuremetit accuracy 

- 2, TECHNOLOGY CATEGORY: Contamination 

! 3. OB JECnVE/ ADVANCEMENT REQUIREn: Development of a set of monitoring instru - 
! yents to correctly identic contaminants in the vicinity of a contamination sensitive pay - 

load as w ell as to measure deposition flow rnto and tbiolcness. 

4. CURRENT STATE OF ART: Sampling technicrues ■ ohotomotfirR and gngvtz crystal 

■ microbalance dep os ition monitors were used in the Skylab flight. Impro ved units are 

!beiiigLBlajmed for a greater dynamic range & accuragy, HAS BEEN CARRIED TO LEVEL _7 _ 

I 5. DESCUIPTfON OF TECHNOLOGY Improvement is required in tbe effectiveness of 
contamination monitoring and warning devices for use in future sortie and automated 
: space payload flights. Primary need is for detection, identification and measurement 

of contaminants around optical devices quickly enough that contaminant avoidance pro- 
I cedures can be initiated. An order of ms^nitude improvement in identification and 
I measurement capability is desired. A major contaminant source involves organic con- 
: taminants which tend to polymerize into vamish-lilce coatings on an optical surfaces. 

j Two classes of contaminant monitors are currently planned: one, to measure Shuttle 
I orbiter bay contamination from high to medium levels; and two, measurement of con- 
tanoinants within telescopes from medium to very low levels as well as providing alarm 
and signals to protective doors and devices. 

- P/L REQUIREMENTS BASED ONi □ PR E-A, □ A, |H C/D 

; 6. RATIONALE AND ANALYSIS: 

■ a. Contaminants induced by the spacecraft environment have a most deleterious effect 
. on the proper operation of certain payloads and results in the degradation of various 

I sensors, optics and other systems sensitive to these contaminants. This will be espe- 
j daily true with payloads to be transported in and deployed by the Shuttle Orbiter. 

EJ^erience gained from die Skylab program has demonstrated the need for advanced 
sensors to adequately evaluate and control the spaceflight contamination environment. 
However, Sl^lab ATM operated with solar "heated" optics, some future sensors will 
utilize cooled optics and detectors which pose a greater contamination problem. 

b. All Astronomy, solar physics, and some high energy astrophysics payloads 
(particularly in the spectrum from 0. 03 to 4 kev) will benefit from the contamination 
monitor and consequent control measures. Payloads with cooled optics and detectors 
will benefit greatly from improved contamination control. 

c. With adequate knowledge of types of contaminants, quantities, rates of deposition, 
etc. , countermeasures such as closing covers, positive pressurization (purging) may 
be instituted on orbit. Tests as per ST-08-S for Shuttle bay monitoring are planned. 
Internal telescope optics need greater protection particularly during sortie missions. 

d. Final proof of effectiveness of contamination monitors Is in space with an astron- 
omical payload. Hi^ to medium level monitors are to be tested on Shuttle Orbiter bay 
on a sortie flight. Medium to very low level monitors are to be tested in a telescope 

on a sortie flight. CARRIED TO LEVEL 8 


PRECEDBSfG IP AGE BLANK NOT FEM0O 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-8. 2 


Aavanced ^ 

1 . TECHNOLOGY REQUIREMENTfTITLEVi Contamination Monitors PAGE 2 OF 1 

Contaminant identification, rate and deposition measurement accuracy. 


7. TECHNOLOGY OPTIONS; 

This task is an extension of previous efforts to develop concepts and techniques 
for monitoring contaminants induced into the spacecraft environment. Three of the con- 
cepts to be investigated include a dust fall (surfe.ce accumulation and characterization) 
detector for monitoring selected portions of the orbital particulate induced atmosphere, 
a detector alarm for trace elements of various volatile matter which results from out- 
gassing and leaks, and a photodiode array to be used as an imaging photometer to define 
particulates. The first two will be conceptual efforts while the latter will be an extension 
of a previous development. Other contaminant monitor concepts may include mass 
spectrometers and other sampling identification devices. 

(continued on page 3) 


8 . 

a. 

b. 

c. 

d. 


e. 


TECHNICAL PROBLEMS: 

Saturation of contamination monitors. 

Power, weight, and data rate allocations are limited. 

Long lifetime, refurbishment, low cost. 

Laboratory temperature control QCM's cannot be used in space until improved 
thermo electric devices for cooling are developed to withstand the shock and vibra- 
tion of the launch environment. 

Improved quartz crystal stability. 


9. 

a. 


b. 


POTENTIAL ALTERNATIVES; 

An alternate metliod of measurement of deposition of organic materials on an inorganit| 
is the use of an X-ray fluorescence monitor which can detect thickness of 5nm or less 
with a sensitivity of + lmn. 

If surfaces can (many optical surfaces cannot) be heated, heating will boil out water, 
maldng it easier to concentrate on measurements of organic material. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

a. MSFC RTOP 909-54-13 Contamination Monitors Development, 

Robert Naumaim 


EXPECTED UNPERTURBED LEVEL J_ 


11. RELATED TECHNOLOGY REQUIREMENTS: 

a. Development of catalog or reference memory of signatures for identijEying 
contaminants. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 2 


AdvaQced ^ « 

1. TECHNOLOGY REQUIREMENT (TITLE) : Contaminatln n Monitors.., PAGE 3 OF ,_6_ 
Contaminant identification, rate and deposition measurement accuracy. ^ 



7. TECHNOLOGY OPTIONS: (Continued) 

Recent advances in solid state electro-optical components have resulted in 
imaging devices having quantum efficiencies of 0. 8 which is several times higher than 
those currently used with image intensifier systems and SEC vidieon monitors. Con- | 
currently the solid state logic technology field has produced micro-computers occupying 
volumes of only cubic centimeters. The interfacing of these developments offer the 
potential of continuous monitoring and analysis of the particulate induced atmosphere near 
critical experiment view directions in space flight laboratories . The photodiode array 
system offers particle detection, monitoring, and induced brightness levels as direct data. 
These properties would facilitate near real time mission timeline planning for affected 
experiments operations thus significantly increasing the probability of obtaining meaningful 
data. Present laboratory development and interfacing activities are in progress to 
evaluate detectability of moving point sources by 32 x 32 and 50 x 50 photodiode array 
modules. This "breadboard" system is operational and is being tested in the laboratory. 
The system is providing visual images and brightness values for field of view test items. 
The objective of this task is to build a larger mat system with increased capability electron 
ic circuits for improving resolution limit and ability to measure lower reflectiveness, i. e, ; 
pai'ticles at greater speeds. 

Integrated Real Time Contamination Monitor Development 

The development of the various modules utilizes as much as possible the 
instruments and techniques developed in the Skylab program for flight and groimd tests. 

The approach is to develop each module independently to the status of a flight type engineer- 
ing model, capable of being tested undor flight simulated conditions. The models are then 
brought into the laboratory and incorporated as instruments in various contamination 
research programs and flight test programs. This allows a gain practical experience in 
the performance of the instmiment and an incorporation improvements as they become 
necessary. In some instances the engineering model could be flight qualified and flown if 
the opportunity presents itself. The status of each module is: 

a. Deposition monitors in the form of quartz crystal miorobalances have been 
successfully flown on Slcylab and have yielded the bulk of our current knowlege of deposition 
of condensibles. One of the lessons learned in Slcylab is that the amount of material 
collected is very temperature dependent, hi fact, by cycling the temperature or by collect- 
ing on two or more surfaces at different temperatures, it is possible to measure the heat 
of absorption of the material and thereby deduce the i^ype of material. This has led to the 
thermally controlled QCM (TQCM) which has a small Peltier cooler controlling the crystal 
temperature. Another version, the ultrasensitive QCM uses 20 MH^ crystals which allows 
it to measure a fraction of a monolayer. This unit is presently undergoing evaluation tests. 
These units are essentially developed to off-the-shelf flight hardware and are small enough 
to be deployed in a number of locations. Individually or in conjunction with other instru- 
ments. TQCMs can be operated down to 140°K using a passive radiative cooler. A study 




DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. - 


1. TF.rTmnT.nrtv BKQTnRRMEWT (TTTT.TC); Contaminatton Monitors PAGE 40F^ 
Contaminant identification, rate and deposition measurement accuracy 


7, TECHNOLOGY OPTIONS; (Continued) 

is under way to incorporate a battery of these units into an Air Force satellite to study 
the interactions of back-scattered H 2 O vapor with cryogenic surfaces. Other units that 
can operate as low as 5°K are available if cryogenics are on board. 

b. A flight quadruple mass spectrometer has been developed that operates 
from 1-300 AMU with unit resolution at 300 AMU. It is being evaluated at the present and 
a suitable inlet system must be developed to enable it to perform trace gas analysis at 
atmospheric pressure. One of the significant features of this system is a computer inter- 
face, compatible -with the SUM-C Space Lab system, that can unfold complex spectra of a 
number of substances and give a real-time qualitative and quantitative analysis of a mixture 
of gases, 

c. The optical effects module has been tested in the laboratory and has been 
used in the Slcylab thermal vacuum tests as a contamination monitor. Some design 
problems were identified in the source and in the placement of the liigh voltage leads. A 
subsequent redesign and repackaging in a more convenient form is underway. The system 
can monitor the transmission, reflectance, and scatter at two different wavelengths in the 
ultraviolet. This allows the optical constants of the deposited contaminant to be ascertainec , 
hi addition, one of the reflection surfaces is a QCM which can measure the deposition 
responsible for the change. This QCM can also be heated to vaporize the contaminant so 
that it may be identified by the mass spectrometer. This technique allows identification to 
be made of trace quantities far below the threshold of a mass spectrometer. 

d. A volumetric aerosol detector that can count and size particulates from 
0, 1 to 30 pra has been developed and used in the Sltylab SCGT tests of the waste tanlc and 

in the tests of the Shuttle sublimator and evaporator systems to monitor particle production. 
It has also been used in a variety of other applications such as measuring clean room 
perfoi-mance and monitoring fog droplet size in laser penetration tests. The device 
features two intercavity lasers as sources and represents a unique state-of-the-art 
instrument for such purposes. The instrument was recently rebuilt and several features 
such as optical isolators were incorporated to reduce noise. It is currently undergoing 
evaluation. 

e. Slqrlab experience has taught that accumulated dust fall even in clean 
room environment can be significant. Therefore, in addition to the volumetric aerosol 
detector that measures the instantaneous dust content in tb) ambient enviroament, a device 
to measure the integrated dust deposition is required. Orriinary QCM's do not detect dust 
deposition because the surface accelerations are so high that the weak Van-der-Waal forces 
that cause particulates to adhere do not couple the particulates to the surface solidly enough 
to be measured. There is no instrument currently available to actually measure dust fall in 
situ in a vacuum zero-G situation. Several possibilities exist such as the quartz fibre 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-S.2 

1. TECHNOLOGY REQUIREMENT (TITLE); Monitors PAGES OF 6 

Contaminmit identification, rate and deposition measurement accuracy. 


7. TECHNOLOGY OPTIONS: (Continued) 

mierobalaace developed by Dudley Observatory to study ice crystal melting in support of 
Skylab. This type of device will be given primary emphasis in this fiscal year to bring 
it up to the development status of tlie other instruments. 

f. Attempts to measure scattered light background on Apollo and Skylab using 
photometers and photography have taught tliat it is very difficult to make meaningful 
measurements unless imaging data is available. Photometers cannot distinguish light 
scattered from stimoture, sunshield, individual large particles, stars, earth, or moon 
from a cloud of unresolved particles. Photography has proved more useful, but does not 
provide real-time read out. Low light level TV would be ideal except that it lacks dynamic 
range and has too high a data rate. An excellent compromise is the new charge-coupled 
optical arrays. Such a device for this application is xmder development and is presently 
undergoing preliminary tests. Such a device can be coupled with one of the new miero- 
processers to provide data compression and to act as a moving target indicator to identify 
individual particles moving through the field. 

g. Since some of the proposed Shuttle payloads may use hydroscopic optical 
coatings, it is important to monitor the partial pressure of H 2 O. The gas analyzer could 
do this, but it may not always be convenient to locate the analyzer near the surfaces in 
question. Therefore, a small simple H 2 O vapor monitor should be developed. Such a 
device could consist of a QCM with a l^rdroBcopic surface to measure the absorbed H 2 O. 
Other devices based on resistance change in semi-conductors resulting from absorption of 
various specific molecules may also be applicable. 
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1 12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 

SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 

1. Previous experience - 

analysis (baseline) 

2. Concepts & trades 

analysis 

3. Exp model design 

4. Exp model fabrication 

5. Test and evaluation 


— 

L 

















APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Pb. D) 

3. Operations 

4. 





— 



— 

J 


— 


— 





■ 

- 

13. USAGE SCHEDULE: 

TECHNOLOGY NEED DATE 




T 













I 

'OTAL 

NUMBER OF LAUNCHES 





26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

338 

14. REFERENCES: 

a. Faraday Labs, NASA IV 
Microbalanee" . 

b. Faraday Laboratories, 
Cooled QCM”. 

Legend: 

T = Technology 

15. LEVEL OF STATE 01 

1. BASIC PHENOMENA OBSERVED 
2 ^ THEORY FORMULATED TO DESC 

3, theory tested by physical 

OR MATHEMATICAL MODEI.. 

4, PEHTRiENT FUNCTION OR CHAF 

E.C., ^UTEIUAL, COMPONEN 

ISF 
' AI 

ND R 
RIBE 
:XPE 

lACTI 
IT, E‘ 

C Contract NAS 8-31110, "Cryogenic Quartz Crystal 
VSA MSFC Contract NAS 8-27879, "Thermoelectrically - 

5, COMPONENT OR fSREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORATORY,. 

EPOEtTED. 0, MODEL TESTED IN AIRCRAFT ENVlHOmiENT. 

PHENOMENA. 7. MODEL TESTED IN SPACE ENVIRONMENT. 

RIMENT 0* NEW CAPABILITY DERIVED FROM A MUCH LESSEE 

OPERATIONAL MODEL. 

:ristic demonstrated. 9 . reliability upgrading of an operational model. 

rc. 10 . LIFETlJiE EXTENSION OF AN OPERATIONAL MODEL, 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-8.3 




i . TEC'HNOLCJGY REQUIREMENT (TITT.E): Contamination Proce sgjAGE i OF 10. 

Mechanisms; effects vs temp , time , radiation exposure, interactions , 

~ ~ !! ~ productibn and distributioi 

li . TECHN01.0GY CATEGORY: Contaminatxon 

;i. OBJECTIVE/ADVANCEMENT REOTTTREDr Pevelopn^ei^t of furt h er understa nc 

ing of contamination mechanisms , effects, product ion and distribution 



observatory. 


•1. CURRENT STATE OF ART- Some effects of contamination process wer e 
I studied during preparation oi components for Sky lab flights, inclu- 
; ing ffuide lines foi’ contaminant avol dance. 


HAS BEEN CARRIED TO LEVEL 7 


5. DESCRIPTION OF TECHNOLOGY “ All spacecraft encounter contaminants 
induced by the environment in which they are transported and operate 
and also by the atmosphere internal to the spacecraft. These con- 
taminants can cause degradation of critical optical systems by 
deposition on lenses and mirrors and bj’’ absorbing, scattering or 
attenuating the signal when particulates obstruct the field of view. 
Although much has been determined experimentally post facto about 
effects of contamination, little investigation* has occurred into 
understanding the exact mechanisms by which gaseous contaminants in 

j the presence of ultrviolet and radiation convert into "varnishes" or 
a golden brown film as experienced An Sky lab. 

■ P/L REQUIREMENTS BASED ON: ^ PRE-A.D A,D B,0 C/D 

( — — - — — ■■ ■■ — ' ■ ■ — 

6. RATIONALE AND ANALYSIS: 

a. An understanding of contamination sources and mechanisms 
or processes enables the user to avoid contaminant damage. 

b. All payloads with optical windows and optical element surfaces 
will benefit from application of knowledge gained. 

c . A better understanding of the role of contaminants in interfer- 
ing with observation processes as well as mechanisms causing thel 
contaminants will help improve all project plans and strategies 
for avoiding or circumventing the contaminants. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-8.3 


1 . TECHNOLOGY REQUIREMENT(TITLE) : Contamination Process PAGE 2 OF m 
Mechanisms; effects vs temp, t irae , radiation exposure , interactions, 
production and distribution 

7. TECHNOLOGY OPTIONS: 

A number of theoretical models have been developed for contaminants 
emission' , distribution, chemical conversion, distribution, deposi- 
tion and interference processes. While much experience with con- 
tamination avoidance and measurement tasks has been obtained in a 
long series of spacecraft flights from the early OAO's to the Sky lab 
flight , there is no universal easy-to-use model or even a catalog 
of contributing processes leading to understanding of each situation 
Each of the models needs to be evaluated and the apparent results 
need to be tabulated. The accuracy of the results predicted by each 
model would be compared against metric measurements accumulated 
from previous flights. 

(Continued on Page 3 

8. TECHNICAL PROBLEMS: 

a. Several models in existence plus many papers and guidelines 
published, need clarifying and update philosophy. 

b. Much of previous experimental data being lost versus time 
(some could be used to verify updated theory) . 

c. Funding for experimental work at a minimum. 


9. POTENTIAL ALTERNATIVES: 

A study is needed to consolidate past experience and to adjust previous tlieoretical 
naodels possibly resulting in new mathematical models capable of Piqplaining the processes 
more effectively. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

a. Development of an Integrated Real Time Contamination Monitor, 
MSFC 755-49, April 19, 1974. 

b. Instrumentation (Contamination Monitors), MSFC 909-54-13, 

July 9, 1974. 

expected UNPERTURBED LEVEL 7_ 

11. RELATED TECHNOLOGY REQUIREMENTS; 

a. High resolution IR, visible, UV, XUV telescopes and instruments. 

b. High resolution X-ray telescopes, instruments and arrays. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO 



1 . TECHNOLOGY REQUIREMENT (TTTT.E); Contamxnatxon Prooe sgAGE 4 OF IQ 
Mechanisms; effects vs temp , time , radiation exposure , interactions , 


proQuciion ana aisxri 

12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 
1 Review + compariso 
■of previous knowled 

2. Concepts for improv 
ea model. 

3. Planning of comple 
model for understand 

4. Model and explana- 
tion . 

5* Test and evaluatio 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4. 


. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 




TOTAL 


26 2.6 26126126 26 26 26 26 26 26 336 


14. REFERENCES: 

See Attached Bibliography (pages 5 to 10) 


Legend : 

T = Technology 


15. LEVEL OF STATE OF ART 

1* Bt\SlC PHENOMENA OBSERVED AND REPORTED, 

2. TKEORV FORMULATED TO DESCfUDE PHENOMENA. 

3. rrfEORV TESTED BY PHYSICAL EXPERIMENT 

OK MATHEMATICAL MODEL, 

4. PEllTLNLNT FUNCTION OH CHARACTEIUSTIC DEMONSTRATED, 
MATERIAL. COMPONENT, ETC. 


5. COMPONENT OH BREADBOARD TESTED IN RELEVANT 

ENVIHONMENT IN THE LABORATORY. 

6. MODEL tested IN AIRCRAFT ENVIRONJIENT. 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

6. NEW CAPAIHLITY DERIVED FROM A MUCH LESSER 
* — ^JOPEHATIONAL MODEL. 

9, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10, LIFETIME EXTENSION OF AN OJ’LRATIONAL M ODEL, 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. - 


1. TECHNOLOGY EEQUIRBMENT (TTTr.E)t Contaminati on Process PAGES OfH. 
Mechanisms: effects vs temp, time , radiation exposure , interactions , 


production and distribution. 

' ~ BIBLIOGRAPHY 

1. ATM Cleanliness Requirements {Apollo Telescope Mount System 
Cleanliness, Specification for) , NASA/MSFC document 50M0Z41Z 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C^fi.4 

1. TECHNOLOGY REQUIREMENT (TITLE): Contamination Avoidan ce PAGE 1 of^ 
; Devices s uc h as Electrets Contamination Avoidance and Trapping Effectivenes s 

\ 2. TECHNOLOGY CATEGORY: Contamination 

■ :j. OBJECTIVE /ADVANCEMENT REQTTTREn; Develop a family of contamination 

I avoidance techniques for applicatjon in contamination sensitive payloads. 


I 4. CURRENT STATE OF ART; Very little application of contaminant avoidance 
‘ except f or protective covers > pressurization and laminar flow has 

1 been applied, HAS BEEN CARRIED TO LEVEL 

j 5 DESCHU’TION OF TECHNOLOGY: Experience has shovm that it is extremely 

I difficult to keep optical surfaces free of particulate and molecular depositions* 

. Even optical components stored for an appreciable length of time will collect 
i considerable amounts of particulate material. Molecular films, particularly 
pthalates, originating from the HE PA filters also have been observed to deposit 
on surfaces. Though sensitive surfaces are provided with covers, molecular 
films and particulates will settle on surrounding surfaces and migrate to the 
sensitive surfaces after the covers are removed. The degradation in perform- 
ance from such deposits can render some optical surfaces useless when oper- i 
ated in extreme UV or because of increased light scattering. 

A practical method of controlling these parti c\ilates and vapors is by 
trapping them on the surface of an electret. After the mission the electret, 

: which woiild be in the form of a thin film of polarized dielectric material would 
j be removed and a new electret trapping surface installed. Such trapping 
j surfaces would be located at the aperture of a telescope* 

j P/L REQUIREMENTS BASED ON; gJP^lE-A.n A, □ B,D C/D 

6. RATIONALE AND ANALYSIS: 

a. There has been some work on logic and strategy for employing trapping or 
protective devices at apertures through which radiation or photon beams 
pass in order to protect the optics or instruments behind those apertures. 
Additional effectiveness may be obtained with the development of better 
trapping devices such as electrets. 

b. All Astronomy, x-ray telescope, and solar physics telescopes as well as 
optical earth observations and oceanographic space experiments will benefit 
from trapping of contaminants. 

c. Payload performance, particularly on sortie observation missions will be 
enhanced by avoiding deposition of contaminants on optics or ondetectil^ 
surfaces. Apertures also may be cleared of floating particles if appro- 
priate attracting fields may be applied, 

d. Final test is on selected optical telescope payloads on shuttle sortie 
missions in space. 


TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO, C-8.4 


1. TECHNOLOGY REQUIREMENTfTITLEI : Contamination Avoidance PAGE 2 of_3_ 
Devices such as Electrets Contamination Avoidance and Trapping Effectiveness 

7. TECHNOLOGY OPTIONS: 

It is therefore proposed that a research and development program be con- 
ducted to determine if electrets can be successfully manufactured in the form 
of large sheets of polymer materials for use as contamination trapping sur- 
faces by spacecraft. It has been quantitatively demonstrated on a small scale 
in the laboratory that an electret will trap both particulates and molecvilar 
species. The initial effort in this task will determine the best materials for 
electrets in terms of surface charge retention, life-time, material stability 
and outgassing characteristics, and particularly metliods of manufacturing 
large sheets or rolls of polarized materials. A parallel effort will determine 
Ihe efficiency of the electret as a collector of various types of particulates 
and molecules. Also to be investigated will be the geometry of the electret. 
Suitable materials with high charge retention capability, very low charge decay rate, 
high stability, molecular and particulate retention efficiency ne ed to be developed. 

s7 TEC Sic AL problemsT ™ "" 

a. Initial collection of contamination on trapping surface with subsequent 
release when surface saturated. 

b. Need for electret material to be non- reflective; most effective locations 

appear to be at interior of srmshade at the entrance aperture of a telescope, 
with additional protection at the Cassegrain telescope output prior to 
coupling to_detectors. 

9. POTENTIAL ALTERNATIVES: 

a. Complete cleanliness of telescope and spacecraft/ carrier vehicle plus 
protective pressurization v4th clean inert gas. 

b. Covers over teles cope /instrument apertures with consequent transmission 
loss. 

c. Same methods may work only on ionized or charged particles. 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RTOP 909-54-B, Task 52, Contamination Control with Electrets, 

R. J. Naumann/E. L. Shriver MSEC, J^Ily 9, 1974. 


EXPECTED UNPE RTURBED LEVEL _3 

11. RELATED TECHNOLOGY REQUIREMENTS: 

a. Better real time contamination monitors and measurements. 

b. Contamination mechanisms/processes understanding. 
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1. TECHNOLOGY REQUIREMENT (TITLE): Contamination Avoidan ce PAGE 3 of_3_ 
Devices such as Electrets Contamination Avoidance and Trapping Effectiveness 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 
1. Theoretical Analysis 

„ Electret Exp. 
Production 

3. Specimen preparatios 

4. Test and Analysis 

5. Reporting 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations' 



13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


26 26 26 26 26 26 26 26 26 26 26 Z6 26 338 


14. REFERENCES: 

a. Skylah Induced Environment, R. J. Naumann, MSFC/NASA, Hunstville, 
Alabama, 1974 

b. Space Transportation System Contamination Monitoring Plan, 

R. J. Naumann, MSFC/NASA, Huntsville, Alabama, About October 1974. 

c. Comments from Neil E. Chatterton, Teledjrne Brown Engineering, Huntsville, 
Alabama, December 16, 1974. 

Legend: 

T = Technology 


15. LEVEL OF STATE OF ART 

1. BASIC PHENOMENA OBSERVED AND REPORTED. 

2. THEORY FORMULATED TO DESCRIBE PHENOMENA. 

3. THEORY TESTED BY PHYSICAL EXPERIMENT 

OR MATHEMATICAL MODEL. 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED. 

E.G., MATERIAL, COMPONENT, LTC. ^ 
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5. COMPONENT OR BREADBQAJRD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABORATORY. 

B. MODEL TESTED IN AIRCRAFT ENVIRONAIENT. 

7. MODEL TESTED IN SPACE ENVIRONMENT. 

6. NEW CAPABILITY DERIVED FROM A MUCH 1£SSER 

OPERATIONAL MODEL. 

9. REUABtUTY UPGRADING OF AN OPERATIONAL MODEL. 
10. LIFETIME EXTENSION OF AN OPERATIONAL MODEL, 








DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


C.9.1 


1. TECHNOLOGY REQUUiEMENT (TITLE): Instrument Boom, 50 m PAGE 1 OF _L 

Extended Alignment, Retractability 

2. TECHNOLOGY CATEGORY: Structural/Meohanical 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: 

To improve alignment accuracy during boom deployment and positioning. 

To reduce structural weight. 

4. CURRENT STATE OF ART: Laboratory development and demonstration specimens 

only, not apace rated- 

HAS BEEN CARRIED TO LEVEL _± 

5. DESCRIPTION OF TECHNOLOGY: Development of design concept/materials are 
needed for extendable/retractable booms which can attain an operational pointing 
accuracy of 0. 5 deg for a duration of 1/2 hour, and a stability level of 0. 1 deg for a 
duration of 1/2 hour with a maximum stability rate of 0, 1 deg/sec . An additional 
objective is to minimize structural weight. Current state of the art is somewhat 
deficient in providing required pointing stability. A load up to 60 lig should be 
deployed away from spacecraft, preferably beyond most of the contamination zone. 
Structural concepts amenable to extended lengths up to 100 m with minimal wei^t 
and stowage-volume penalties are desirable. 


P/L REQUIREMENTS BASED ON; 0 PRE-A,D A, {2 B,D C/D 

6. RATIONALE AND ANALYSIS; 

a. The critical pointing parameters have been initially selected equal to the pointing 
requirements of the Shuttle. 

b. The benefitting payloads; AP06S, ’’Atmospheric, Magnetospheric, and Plasmas 

in Space (AMPS)", ST-21-S "XST-Ol? Upper Atmospheric Neutral Gas Parameters", 
ST-22«-S ’’XST-014 ^acecraft Wake Dynamics and XST-029 Environmental Effects on 
NDn Metals", ST-23-S "XST-001 Microwave Interferometer", and ST-S2-S "Wall -less 
Chemistry Facility". 

c. The presence of optical eqmpment and magnetic and electric field sensors mounted on 
the remote platfonn at the boom's end calls for high pointing accuracy to obtain reliable 
eiqjeriment results. The retractability of the boom is imposed by the requirement of 
retrieving space hardware. 

d. This technology requirement will be satisfied when a breadboard instrument boom is 
tested in relevant load and thermal environment in the laboratory. 

*»BCEDING page blank not mMSD 

TO BE CARRIED TO LEVEL 
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DEFINITION OF TECHKOl.OGY UEtiUIREMENT 

NO. C.9.1 

1 . TECHNOLOGY REQUIREMENTfTITl.EL Instrument Boom, 50 m 

__ PAGE 2 OF iL 

Extended Alignment, Retractability 



7. TECHN01>UGY OPTIONS; A matrix of structural materials and design concepts are 
considered and evaluated including tubular, furlable, articulated, foldable, etc. Criti- 
cal parameters are associated with susceptibility of design concepts and materials to un- 
even heating under solar radiation, the resulting distortions, and possible instabilities. 
Parameters involved in trades include load carried, boom length extended, boom length 
retracted, extension and retraction time, resonant frequency, articulation angle range, 
articulation angular velocity, base gimbal characteristics as well as line of site pointing 
accuracy and stability. The size and mass distribution of the 'i)ayload'* carried on the boom 
also affects boom characteristics. Gravity gradients, atmospheric drag as a function of 
altitude need to be investigated. 


8. TECHNICAL PROBLEMS; 

a. The retractability requirement may impose weight and cost penalties in the develop- 

^ ment of the new technology items. Power requirements will be larger than for extend- 
able only systems. 

b. In low earth orbit such as 435 to 340 km, considerable air drag and gravity gradient 
effects are experienced, tending to deflect the boom. 

c. Electrical conductivity (an isolated or non-conducting boom is desirable). 


9. POTENTUL ALTERNATIVES: 

a. Remote maneuverable Vehicle/Teleoperator flying in same orbit ahead of shuttle 
orbiter (retractible by maneuver) . 

b. Use a less rigid (and lighter) boom complemented with additional optical alignment 
equipment such as a laser beam reflecting from a comer reflector on the payload end of 
the boom, with error signals being detected at a directional sensor located at the gim- 
balled base mount; active correction of boom deflections can be provided via existing 
servos. Protective thermal control coatii^s would be employed. There is 
possibility of lowering boom system weight and cost. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 
TBD 


EXPECTED UNPERTURBED LEVEL ^ 


11. RELATED TECHNOLOGY REQUIREMENTS: 

New material developments, including composites and combinations of metallics and 
composites may ease meetli^ the stated operational pointing accuracy and stability 
requirements with lower structural wei^ts. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C.9.1 


! J. TECHNOLOGY REQUIREMENT (TITLE): rnstrument Boom. 50m 
Extended Alisnment, Reti’actability 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Ops. & Pa^'am. Analyst 

2. Model Design 

3 . Build Model 

4 . Test Model 


PAGE 3 OF .3 


APPLICATION 

1. Design (Ph, C) 

2. Devl/Pab (Pb. D) 

3. Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 



31413 4 3 4 3 30 


a. Summarized NASA Payload Descriptions, Sortie Payloads, Level A Data, NASA PD, 
July 1974. 

b. Preliminary Payload Descriptions, Volume n, Sortie Payloads, NASA, July 1974, 
AP-06-S, Atmospheric, Magneto spheric, and Plasma (Ejipei'bnents) in Space (AMPS); 
pages 4-1 to 4-101. 


Legend 


» Sortie operations 
T Technology 


15. LEVEL OF STATE OP ART 


1* BASir PHEXhOMENA observed and reported, 

2* TilRORY FOimULATED TO DESCIUBE PHENOMENA. 

3* ’rSEORY TEST’En 3Y PHYSICAL EXPERIMENT 
OR ALlTllEi^lATlCAL MODEL. 

4. PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED, 
E,G.. ^UTEIUAL, COMPONENT, ETC. 


5, COMPONENT OR BREADBOARD TESTED IN RELEVANT 
environment IN THE LABORATORY, 

6* MODEL TESTED IN AIRCRAFT ENVIRON.MENT. 

7. MODEL TESTED IN SPACE ENVIRONMENT, 
e. NEW CAPABILITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

9* RELIABILITY UPGRADING OF AN OPEa^TlONAL MODEL, 
10* LIFETIME EXT^SiON OF AN OFEIUITIONAL MODEL, 
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DEFINITION OF TECHNOLOGY RECiUIREMENT NO. C.9»2 

1. TECHNOLOGY REQUUiEMENT (TITLE); Payload and Spacec raft PAGE 1 OF 3 
Structure, Towex^ (SSOOl); light weight fabrication 

2. TECHNOLOGY CATEGORY: Structural/Mechatiical 

:l OBJECTIVE/ advancement REQTTTREn» Develop light weight structural concepts/ 

materials and low-cost manufacturing techniques for payloads and spacecraft. 


4. CURRENT STATE OF ART- Present material and fabrication technology needs refine- 

ment to achieve lightweight goals that will permit orbiting of larger spectrum of 

spectrum of satellites at synchronous orbit. HAS BEEN CARRIED TO LEVEL _4^ 

.3. DESCRIPTION OF TECHNOLOGY 

Development of an ad hoc lightweight structure is required to satisfy the needs of satellite 
CN-54A and relieve TUG payload capabilify limitations. The critical parameters is struc- 
tural weight (86, 2 Kg) with consideration for low-cost fabrication techniques. 

The study documented in Ref. a. evaluated a thin-gage magnesium tubing structure and 
provides a reference point design. 

For large area structures such as antennas and arrays, compactly stowed deployable 
structures are needed at lower cost than currently available. 


P/L REQUIREMENTS BASED ON; ^ PRE-A.P A,g B,P C/D 

6 . RATIONALE AND ANALYSIS; 

a. The limitations of the TUG payload capabilify make the tower's weight the critical 
parameter. The design evaluated in reference a, is of a preUminary nature, and 
other structural concepts and materials must be considered and evaluated. 

b. The initial benefit ing payload is CN-54A, "Disaster Warning Satellite" and other geo- 
S 3 mch payloads. However, light weight low cost fabrication is applicable to all payloads, 
both sortie and automated. 

c. A direct trade of payload weight versus tower structural wei^t is the potential benefit 
of this development to overcome limits of TUG payload capabilities and e^ipand the 
spectrum of satellites that can be placed on synchronous orbit. 

d. When a breadboard tower structure is tested under simulated load, thermal, and 
space environment, this technology requirement will be satisfied. Other U^twei^t, 
larger structures such as antennas may need testiD" in the space environment as well 
as in the laboratory on the groimd. 


preceding p age bunk not filmed 

TO BE CAR^EED^O LEVEL _5 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C.9.2 


1 . TECHNOLOGY REOUIREMENTmTLEL Spacecraft Structure, PAGE 2 OF _3 

Tower (SSOOl) ; light weight fabrication 

7. TECHNOLOGY OPTIONS: 

Low structural weight fractions can be achieved by the use of composite materials, 
machined thin wall metallics, and sandwich trusses. A comparative study should be done 
of weight tradeoffs of several concept/fabrication techniques. The most promising material 
for lightweight, hi^i stiffiiess, and low ®! 5 )ansion are the graphite epoxy advanced com- 
posites. To take advantage of the low ei^jansion characteristics of the graphite, the 
material should be febricated as a lay-im using continuous fibers. The lay-up orientations 
should be varied throu^ 0° at least +45 and 90*^ directions of fiber to obtain a given iso- 
tropic structure. Such materials are operable to 350°F, if higher temperatures are re- 
quired, the matrix polymer can be changed to polyamide to allow operating temperatures up 
to 550®F. 


8. TECHNICAL PROBLEMS; 

A potential problem area associated with the development of this structure is the fabrica- 
tion of thin gage metallic and composite members. 

r>rigmal low cost techniques, studied by Lockheed, took advantage of higher Shuttle payload 
capabilities to show that hi^er wei^t allowances would produce lower costs. However, 
there is an advantage in large structures to lower weight and costs. 

9. POTENTIAL ALTERNATIVES: 

a. Use other materials such as composite, beryllium and aluminum. 

b. Use a trussed tower with thin-gage sandwich (perforated core) members. 

c. Use a thin-gage stiffened shell of similar materials. 


10, PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

W74-70278 (502-22-10), Advanced Space Structures, Langley Research Center, 
George W. Brooks, (703) 827-2042. 


EXPECTED UNPERTURBED LEVEL _4 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Development of lightvfeight, spaced rated, structures. 




DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C.B.2 


1. TECHNOLOGY REQUIREMENT (TITLE):. 





PAGE 3 OF ..3_ 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

, CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1 . Ops & Param. Analysis 

2. Model Design 

3. Build Model 

4 . Test Model 


APPLICATION 

1. Design (Ph, C) 

2. Devl/Pab (Ph. D) 

3 . Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEE D DA TE 
NUMBER OF LAUNCHES 




TlTl 


T1 4 


14. REFERENCES: 

a. Disaster Warning Satellite Study, Report TMX-68122 NASA/LeRC, Spacecraft 
Technology Division, March 1971* 

b. Summarized NASA Payload Descriptions, Automated Payloads, July 1974, 
NASA/MSFC, p.l64. 


Legend 

T ; Technology 

Tl=CN-54-A, Disaster Warning Satellite 

15. LEVEL OF STATE OF ART 

i; . BASi6 PHENOMENA 

2* TIIEORy POilMULATED TO BESCniBR PHENOMENA* 

3* THEORY. TESl'ED BY PHYSICAL EXPERIMENT ! 

OR iMATHEMATICAl MODEL, 

:U PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTSATE0, 
• E.CA^IklATRntAL/COMPONiiNT/E^^ 


5, COMPONENT OR BREADBOARD TESTED IN RELEVANT . 

ENVIRONMENT IN TRE tABORATORy. ' : 

6, MODEL TESTED IN AlRCRAPT ENVIRONMENT, 

7, MODEL TESTED m SPACE ENVIR0N»IENT/^^ 

8, NEW capability DERIVED FROM A MUCH LESSER 

operational MODEL. 

• 3*; RBLiAEtUTy UPGRADING OFAN OPEI^TIpNAL MO 
10* LiFETIAIE EXTENSEON OF AN CPERATIONAL MODEL. 










DEFINITION OF TECHNOLOGY REQUIREMENT MO. C-9*3 

1. TECHNOLOGY REQUIREMENT (TTTT.E)r I*goteetlve Shell/Cover PAGE 1 OF '5 

Redixotion of h igh energy loss and secondary radiation; improved thermal control 

2 . TECHNOLOGY CATEGORY: Struotural/Meclianloal 

3. OBJECTIVE /advancement REQTJTREDi To devdop a Gontatnination and thermal 

protectjoa cover ■widdh minimiaes eavirogmental control costs, energy losses and 

secondary radiation. 

4. CURRENT STATE OF ART: Current state of the art heat shields do not have the 

capability to pass gamma rays and cosnoic rays above one GeV witliont some secondary 
reaGtions, HAS BEEN CARRIED TO LEVEL ^ 

5. DESCRIPTION OF TECHNOLOGY 

Protective sliells up to 4. 27m dia and 7, 3m long are needed to provide thermal and pres- 
surization for some high energy payloads. The protective shell is desired to hold the 
payload temperature at a selected temperature ■Wittiin a 263 to 303* K range up to +2 °k. 
The shell will also enable internal cleanliness up to 1000 class pressurization up to 
110000 N/m® (one atmosphere), and enable venting and pressurization control to ;|jO,l . 
atmosphere. The sheP shall pass gamma and cosmic rays with minimum loss and 
secondary radiation (loss less than 0.1% at 1 MeV. Typical radiation length used to 
date for lower energy cosmic rays is < 1 gm/cm^ for shell thickness. Some e:jq)eri- 
ments may require a thinner window, particularly in the lower energy gamma ray 
range. 


P/L REQUIREMENTS BASED ON: E A,0 B,n C/D 

6. RATIONALE AND ANALYSIS: 

a. Some of L' i high, energy payloads operate better in a pressurized atmosphere with 
adequate thecmal isolation. A protective shell and the beneficial environment will not 
seriously detract from performance but allows considerable cost savings. 

b. The benefiting payloads are: HE-Ol-A, HE-03-A, HE-08-A, HE-09-A, HE-ll-A, 
HE-12-A, and HE-15-S, "High Energy Astrophysics, " 

G, Enables control and rej ection of interfering heat loads and partieles at low energies 
(up to 1. 0 MeV) with minimum secondaries and persistent radioactivity, 
d. When a full scale model has operated in a space equivalent environment passing 

gamma and cosmic rays with low loss (< 0. 1%) and uniformly to an internal gamma ray 
or cosmic ray instrument, technology requirement will be satisfied. 

An Atlas/Centaur could be used as the booster for the test. 


rasgEajNO PAGE BI^ 

TO BE CARRIED TO LEVEL ja 
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DEFINmON OF TECHNOLOGY REQUIREMENT NO. G-9i3 

1. TECHNOLOGY REQUIREMENT(TITLE); Protective Shell/Coyer PAGE 2 OF ^ 
Redactiott of high, energy'' loss Md secondary radiation; improved thermal control 
7, TECHNOLOGY OPTIONS: ” ~ 

Use of basic shell materials with atomic number below 20 include; 

a. Beryllium (Z = 4) 

b. Magnesium {Z = 12) 

Aluminum (Z = 13) 

Choice of external high refLecting, mission coatings as well as basic therm^ equalization 
material or process gives a large number of options to be investigatecU The need for 
uniform cross section malces it difficult to utilize heat pipes for thermal equalizalion. 


8. TECHNICAL PROBLEMS; 

a. Removal of excess heat generated by inside equipment while protecting large payloads 
from external heating effects, 

b. Minimizing secondary radiation (gamma, X rays, particles) at lower energies while 
enabling passage of gamma rays and cosmis rays >1 MeV. 


9, POTENTIAL ALTERNATIVES: 

a, Btiild gamma fay and coSniic ray instruments to withstand and provide their own 
thermal control at much greater cost. 


10 . PLANNED PROGRAMS OR TINPERTURBED TECHNOLOGY ADVANCEMENT: 
(TBD) 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY RE(^UIREMENTS-; 

a. Thermal control, structures, and materials technologies need to cooperate in solving 
the protective shell problem. 
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D EFINITION OF TECHNOLOGY REQumSMENT NO.C-9.3 

1. TECHNOLOGY REQUIREMENT (TITLE): Protective SheH/C over _ PAGE 3 OF ^ 
Reduction of energy loss and secondary radiation; improved thermal control 

12. TECHNOLOGY REQUIREMENTS SCHEDULE; 


CALENDAR YEAR 


SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 

1 . Ops & Param. Analysis 

2. Model Design 

3 . Build. Model 

4. Test Model 

5. 


. — 

— 


- 











' 




APPLICA.TION 

1. Design (Ph, C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4. 




— 

T4 

T7 

• 



i 

T2 

• 








■ 1 
■■ 

n 

I 


r 









Fs 



re' 








T£ 














13. USAGE SCHEDULE; 


TECHNOLOGY NEED dAtE 




T 













T 

OTAL 

NUMBER OF LAUNCHES 






2 


1 

2 



2 

~P 

1 



1 

10 


14. REFERENCES; 

a. Final Report of the Space Shuttle Payload Planning Worldhg Groups, HigTi Energy 


Astrophysics, May 1973, Goddard Space Flight Center. 

b. Materials for Radiation Detection., Jan. 1974, National Materials Advisory Board. 

c. Summarized NASA Payload Descriptions, Sortie Payloads, July 1974, NASA/MSFC. 
Legend 

T1 =HE-01“A, Large X-Ray Telescope Faciliiy 
T2 =Effi-03-A, Extended X-Ray Survey 
T3 =HE-08-A, Large High Energy Observatory A 
T4 =HE-09-A, Large High Energy Observatory B 
T5 =HE-11-A, Large High Energy Observatory D 
T6 =HE-12-A, Cosmic Ray Laboratory 
T7 =HE-15-S, Magnetic ^ectrometer 
o Sortie operations 
Automated operations 

T Technology . 

15. LEVEL OF STATE OF ART s, compokent on joREAUBOAnD tested ik bblbvant 

ENVIKOSMENT IN THE LABORAIORY. 

1. BASIC PHEKOMEHA. CURVED AND JtEPORTED, 6. MODEL TESTED IJl AlRCHAtT ENVIBQNMENT. . 

2. THEORY FOIIMULATBD TO OBSCmBE PHENOMENA. 7 . MODETj TESTED IN SPACE ENVIROXMENT. 

3. THEORY TESTED BY PHYSICAL EXPERIMENT B, MEW CAPAmtlTY DERIVED FROM A MUCH LESSER 

OR MATHEMATICAL MODEL. OPERATIONAL MODEL. 

4. PERTINENT KUNCTION OR aiARACTERISTIC DEMONSTRATED, 9. RELIABILITY UPGRADING OF .AN OPERATIONAL MODEL, 

E.G., MATERIAL, COMPONENT, ETC. 10. LIFETIME EXTENSION OF AN ORL.HATlONAIj MODEL. 
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Protect! 


GAMMA & 
COSMIC RAY 
SORTIES & 
AUTOMATED 
PAYLOADS 


MISSIOIM REQUIREMENTS 

PROVIDE UNIVERSAL THERMAL 
CONTROL/PRESSURE CONTROL 
SHELL TO MINIMIZE ENVIRON- 
MENTAL GONTROLGOSTS 




DEFINITION OF TECHNOLOGY REQUIKEMENT NO. 






7-305 



ITEM 


TEMPERATURE CONTROL; 
(K) (RANGE) 


OAMMA RAY LOSS AT 
1 MeV 


SECONDARY RAD IATION 


INTERNAL ATMOSPHERE 
CLEANLINESS CLASS 


Protective Shell 


CAPAB ILITY REQUIRED 


STATE OF ART 


±2K OF SEUEGTED TEl 5E ilOK OF S ELECTED 
(263TO 303K) TEMPERATURE 


< 1 % 


< 5% 


< 0 . 1 % 


1/OQO 


10,000 










DEFINITION OF TECHNOLOGY REQUIREMENT NO, 

1 . TECHNOLOGY REQUIREMENT (TITLE) : Metering Structure for PAGE 1 OF 5 

! Solar Tel esc opesiDecrease dimensional sensitivity to flieinnal variatjons 

i 2 , technology CATEGORY; Struotural/Mechanical 

2 . OBJEC TIVE/ ADVANCEMENT REQTTTRED; Decrease dimensional sensitivity to 

thermal variations. Obtain at least a O.IS (preferaMy 0.075) arc second resolution fa 
measure of mirror figure contour accuracy & metering structure stability). 

4. CURRENT STATE OF ART: The SIqrlab ATM Ha instrument could have a pointing 

error up to 1 arc s econd due to thermal gradients. Normal temperature range for 
operating was ± 9 . 5°K, HAS BEEN CARRIED TO LEVEL 

5. DESCRIPTION OF TECHNOLOGY Truss-type and sheH“tj?pe structiu’es having zero 
expansion coefficient characteristics are needed to satisfy the resolution requirements 
of equipment mounted on it. Near zero-expansion graphite-epoxy composite materials 
with or without metallic straps offer the potential needed for this application. Critical 
parameters are a pointing accuracy of 10 arc sec for a duration of . 83 hr, a stability 
of .15 arc sec for a duration of 3.8E-04 hoim, a stability rate of .15 arc sec/seo, and 
a spatial resolution of 0.15 are sec (preferably 0.075 arc sec). However, the metering 
structure is interdependent with the telescope mirrors. 

The solar telescope mirrors suffer the most from heat loading and temperature rise. 
Use of temperature insensitive substrates with a fiised silica surface and high reflectiv- 
ity coatings should he considered. Three sizes of photoheliograph telescopes are being 
consic^jred (65 cm early, 100 cm later, and finally 150 cm diameter). Ultimately the 
150 ;m photoheUograpli axis will be directed by advanced offset star trackers and/or a 
pattern recognition ti'acker to selected objects with an accuracy of 0.1 arc sec. 

P/L REQUIREMENTS BASED ON; PEE-A.Q A,D B,n C/D 

6. RATIONALE AND ANALYSIS: 

a. The critical parameter is the temperature control of tbe mirror within A t = 9 - 3 K 
at 293®K. The problem is compounded by hi^ f number (f/40) resulting in focal 
length of 200-300 cm, which must be folded to maintain reasonable barrel dimen- 
sions. Thermal distortions could degrade the system resolution. 

b. The benefittmg payloads are SO-Ol-S Dedicated Solar Sortie Mission (DSSM), 
SO-il-S Solar Fine Pointing Payload, and SO-02-A Large Solar Observatory. 

c. Smaller primaiy held at At =9.3'‘K wonldhave less thermal distortions and result 
in ability to resolve smaller details. 

d. This technology requirement will be satisfied when a breadboard structure is 
tested in relevant enmronment iu the laboratory. 


PRECEDING PAGE BLANK NOT FaMM/ 

TO BE CARRIED TO LEVEL 5_ 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. C. 9.4 

1 . TECHNOLOGY REQUIREMENT(TITLE): Meterjng SfcruoturB for PAGE 2 OP ^ 

Solar TelescoposSDeorease dimensioiial senBltivity tp thermal variations 

7 . TECHNOLOGY OPTIONS; Optional materials and design concepts suoli as Invar and 
compensai^g composite/metallic elements could be possibly used but they do not ojEfer 
the potentials of the near zero-eapansion graphite-epoxy structures. 


8. TECHNICAL PROBLEMS: a. A potaitial problem exists in the calibration of struc- 
ture after manufacture which must be done to identify actual characteristics of the 
structure which vary due to material propeiiy scatter. The difficulty consists in perform- 
ing accurate measurements under laboratory conditions simulative of spatial environment, 
b. Obtoin 1/20X in the spectral range from 90 nm to 900 nm versus solar light/dark cycle 
thermal changes. The primary, secondary, and coupling optics may need to be made of 
materials with low temperature coefficients of expansion as well as the metering structure. 


9. POTENTIAL ALTERNATIVES: 

a. Compensating composite/metallic structural concepts offer some possibility but they 
are sensitive to actual temperatures wliich could be different than predicted/design 
temperatures. 

b. Use of high reflective coatii^s and more efficient heat dump mirrors will help reduce 
optics temperature excursions. 

G. Use of predictable materials and improved active thermal control system. 


10 . PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

a, NASa-28201 "Graphite-Epoxy Meterii^ Sheli (GEMS)", Contract from NASA MSFC to 
General Dynamics Convair. (See pages 4 and 5.) 

b. NAS8-29825 "Design, Fabrication, and Test of a Graphite-Epoxy Metering Trass". 
Contract ficom NASA MSFC to the Boeing Co. 

expected UNPERTURBED LEVELS 

11. RELATED TECHNOLOGY REQUIREMENTS: 

a. Development of mirror substrates and coatings insensitive to thermal distortions. 

b. Large S^ace Telescope development spinoff. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-9.4 


1. TECHNOLOGY REQUIREMENT (T7TT.E) ; Matering SfcruQi-ure for PAGE 3 OF _5_ 
Solar TelesQopeslDecrease dimensioBal seasitlvUy.to lihermal yariatioiig 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 
1* Ops & Param. Analysis 

2. Model Design 

3. Build Model 

4. T(nt Model 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 





2 2 2 3 3 5 2 


2 3 2 i s 32 


14. REFERENCES: 

a. Summarized NASA Payload Descriptions j Automated Payloads, July 1974, NASA/ 
MSEC, p. 60* 

b. Summarized NASA Payload Descriptions, Sortie Payloads, July 1974, NASA/MSFC, 

" pp; 120, 122. ^ ^ ^ ^ 

c. Photoheliograplx Definition Study, Yblume II, Book II, 100-Centimeter Pkotohelio- 
grapli for Sliuttle and Balloon Missions, NASA Contract NAS 8-23147, Itek Optical 
Systems Division.. 


Legend 

• Sortie Operations 
— Automated Operations 
T: Teclmology 


Tl = SO-Ol-S, Didicated Solar Sortie Mission (DSSM) | 
T2 = SO-02-A, Larger Solar Observatory : 

T3 - SO* il-S, Solar Fine^Pointing Payload 


IS. LEVEL OF state OF ART 


1, BASIC PHENOl\lENA OBSEltVKD AMD HEPOltTED. 

. 2* TireipIlV FOll^tUI^VTED TO DESCRIBE PIIEKOMEN^^^ 

3* TflEbhv TESTED BY PHYSICAL EXPEBlNtCNT 
QH ^LATnEM.\TiCAL MODEL* . 

4* PSETJNENT FUNCTION Oil CHARACTERISTIC DEMONSTRATED, 
E > G, , MATERIAL, COMPO NENT, ETC^ 


5, COMPONENT OR BREADBOARD TESTED IN RELEVANT 
environment in THE LABORATORY* 

6* MODEL TESTED IN AIRCRAFT ENVmoNMENT, 

7* MODEL TESTED IN SPACR EN^RONS^^^^ ; ^ 

8 . NEW CAPAIHLITY tiERTVED FROM A MUCH LESSER 
OPERATIONAL model* 

RELIABILITY UPGRADING OF AN OPERATIONAL MODEL * 
10. LIFETLMB EXTENSION OF AN OI*ERAT10NAL MODEL* 




















DEFINITION OF TECHNOLOGY REQUIREMENT 





1. TECHNOLOGY REQUIREMENT (TITLE): Motoi-ing Structure for PAGE 4 OF _5 
Solar Telescopes? Decrease dimensional sensiti\i.ty to thermal variations 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 0^9.5 

1. TECHNOLOGY REQUIREMENT (TITLE); Entey Probe RAGE 1 OF 


2. TECHNOLOGY CATEGORY; Structnral/MecIianiGal 

:5 . OBeTECTIVE/ ADVANCEMENT REQTTTREn ; *^0 develop entcy probe Jieat shield 

capable of planetary entry with larger aV enyironment. 


4. CURRENT STATE OF ART? Apollo used heat sbieldg but some planetary missloas 

will have a &Y larger than the existiog thermal shield og Apollo CM, 

HAS BEEN CARRIED TO LEVEL J7 

5. DESCRIPTION OF TECHNOLOGY 

Blunt body lisat shield technology should be developed to withstand the entry heating 
environments of Saturn, Uranus and Jupiter which have pealc rates of approximately 20, 

7, and 75 kW/cni^. Low heat shield fractions are required in order to increase the size 
of the payload paClcages, A siu^e entry probe for both Saturn and Uranus may prove 
economical, while a special one for Jupiter would be required. Ablative/refleoting 
dielectric heat shield concepts offer potential superior to those of conventional heat- 
i shield concepts. 


_ . P/L requirements BASED ON: [2 PRE-A,p A,p D C/D 

6. RATIONALE AND ANALYSIS; 

a. Heat shield mass fractions from ,10 to ,46 are required to satisfy the entry 
requtrements. These ;fraetions should be lowered to permit larger payloads, 

b. The benefitting payloads are: PL-ll-A ’’Pioneer Saturn/Uranus Flyby,” PL-13 -A 
’’Pioneer Jupiter Probe, ” and PL-22-A ’’Pioneer Saturn Probe. ” 

c. This technology is required to perform atmospheric measurements of Uranus, 

Saturn and Jupiter, 

d^ This technology requirement will be satisfied with model testing in aptual space 

environment, most lilcely on some high density planet. 


BMtm: not FiXMm 


TO BE CARRIED TO LEVEL _8 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-9.5 


1 . TECHNOLOGY REQUIREMENT(TITLE): Entry Probe PAGE 2 OF £ 


7. TECHNOLOGY OPTIONS: 

Alternate ablative materials such as opaque subUmers (e.g. , carbon-phenolic, graphite) 
can be Used although with decreased performance. Radiative heat shield concepts may 
offer some possibilities particularly if minimum foreign material is desired in the 
region of probe measurements^ 


8. TECHNICAL PROBLEMS: 

a. Validity of ^lative analyses at high heating rates 

b. Sensitiviiy of analysis to atmospheric composition, radiation bloeltade and sublima- 
tion chemistry. Heat shield configurations that reduce the possibility of turbulent flow 

c. Scaling of time for testing purposes 

d. Reliability of components in radiation environment 

9. POTENTIAL ALTERNATIVES: 

Radiative heat shields plus insulation protective layer are a possibility althoc^h there 
may be interference with measurements. 


10 . PLANNED PROGRAMS OR UNPERTURBED technology ADVANCEMENT: 

a. W74-70253 (502-21-20), Advanced Materials for Space, Lewis Research Center, 

W. D. Idopp, (216) 433-6676. 

b. W74-70331 (502-^07-01), Gas Dynamics Researchj Langley Research Center, 

Eugene S. Love, (703) 827-2893. 

c. Martin Contract with NASA ARC. 

d. Me DAC Contract with NASA ARC. EXPECTED UNPERTURBED LEVEL Y 

11. RELATED TECHNOLOGY REQUIREMENTS; 
a. Insulation between heat shield and probe instruments, 

■ ■ . 1 ; i- 
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i-AppIioatjon Teclindloi 


DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-9.5 


I . TEC HNOLOGY REQUIREMEK,T (TITLE) : Entry Probe, 


PAGE 3 OF 4 


I^ . TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


1. Ops. & Param. Analysis 

2. Model Design 

3. Build Model 

4. Test Model 


1. Design (Ph. C) 

2. Devel/Fab (Ph. D) 

3- Operations I 


75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 



13. USAGE SCHEDULE; 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


IH REFERENCES: 


See Page 4 for References. 



Legend: 

T1 = PL- 11- A, Pioneer Saturn/Uranus Flyby 
T2 *- PT -13-A, Pioneer Jupiter Probe 
T3 = PL-22-A, Pioneer Saturn Probe 
T Technology 
—— Automated operations 


15. LE VEL OF STATE OF ART 

1. BASlCPHENOMENAdBSEaVED.ANDKEPORTKD- 

2. THEORY FOIIMUIATED TO PESCR1I3E PHENOMENA, 

3. THEORYTHSTED BY PHYSICAL. ESPERl^IENT 

OR MATHEMATICAL MODEL. 

4. . PERTR^ENT FUNCTION OR CHARACTERISTIC .DEl^lONSTRATED,. 

, ^lATERLAL, COMPONECT, ETC, ■ ■ 


5, COMPONENT OR BREADBOARD TESTED IN I^ELEVANT 

.EN:WR0NMENT1N.THE . 

6, MODEL TESTED IN AIRCRAFT ENVinONilENT. 

7, -model TESTED IN SPACE ENVIROKMENT. 

8, NE\V CAPAmUTY DERIVED FROM A MUCH LESSEE : 

OPERATIONAL MODEL, 

9, - EELIft BILITY UPGRADING OF AN OPERj^ TlONAL MODEL, 
lb, lifetime EXTENSION OF AN OPERATIONAL MODEL* 















DEFINITION OF TECHNOLOGY BEQUffiEMENT NO. C-9,5 

1, TECHNOLOGY REQUmEMENT (TITLE); Entry Probe PAGE 4 OP 4 

14. REFERENCES; 

a. The Outer Solar System, Volume 29, Part 2, Proceedings of tbe AAS 17tli Annual 
Meetingf p. 215- 

b. Summarized NASA Payload Descriptions, Automated Payloads, July 1974, NASA/ 
MSEC. 

c. ''Atmospberic Entry Probes for Outer Planet Exploration - A Tecbnical Review 
and Summary, " NASA CR 137542, by Dynatrend Inc. , August 1974. 

d. "Proceedings - Outer Planet Probe Technologj'' Worlnshop *- Summary Volume, " 
Workshop beld at Ames May 21-23, 1974. NASA CR 137543 , by Dynatrend Inc. 

e. "Satui’u/Uranus Atmospheric Entry Probe, " Pinal Report, by McDonnell Douglas 
Corp, July 18, 1973. 

Part R Summary. MDC E0870. 

Part R; Technical Discussion, MDC E0870, 

f. "Jupiter Atmospheric Entry Probe, " NASA Ames, September 1974, 

g. "Outer Planet Probe Entry Thermal Protectiouj " 

Part 1; "Aerothermodynamic Environment, " by Nicolet, 
Morse, Vogvodich, AIAA Paper No, 74-700, July 1974, 

Part H; "Heat- Shielding Requirements, " by Nicolet, Howe, 
Mezines, AIAA Paper No^ 74-701, July 1974 “ 

h. "Sensitivity of Probe Heating Environment to Entry Parameters,” by NASA 
Ames - Advanced ^ace Projects Office, September 1974. 

i. "Outer Planet Atmospheric Entry Probes, " by McDonnell Douglas Corp. , May 
1974, (Booklet) 
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DEFINITION OF I’ECHNOLOGY REQUIREMENT NO. 6 

1. TECIiNOLOGY REQUIREMENT (TITLE) ; Instrument Mount/Selector PAGE 1 OF 3 

Reduction of dimensional and ai^lar degradatioii , 

2. teohwot.ogy CATEGORY; Structural/Mechanioal . 

3. OBJECTIVE/ ADVANCEMENT REQTTTnF.n; To increase dimensional stability of 
instrument mount under space environmmt. Enable vernier rotation, tilt, cross axis, an d 

ajdal measurements to one arc sec and 1 micrometer . 

4. CURRENT STATE OF ART: Most of space X-ray instruments me moonted one at a 

time at the focal point in a fixed mount which makes it difficult to move mstruments in, 

sequenoe to the least distortion field of the X-ray telescope. 

HAS BEEN CARRIED TO LEVEL 4_ 

5. DESCRIPTION OF TECHNOLOGY 

To develop an instrument mount having high dimensional stability in order to avoid large 
variations or interference with images, polarization measurements and detailed spectral 
measurements. This di men sional si^bility is required under various conditions of vibra- 
tion, temperature, and aging. The use of zero-expansion graphite epoxy material offers 
the potential required for thermal stability. 

Capability; The instrument mount selector assembly mounts 5 instruments, a field monitor, 
and'guide star tracker. The mechanism of the mount moves one of 5 scientiRc instruments 
into X-ray field of view, an^e adjust^le to one arc second and translations to 1 mitero- 
meter cross^^e and ajdaJly with respect to the line of sight. 


P/L REQUIREMENTS BASED ON; |^PRE-A,P A,P B^Q C/D 

6. RATIONALE AND ANALYSIS: 

a. The mount dimensional stability to better than 0. 5 aro sec is required for the temper- 
ature range of 270-275*K under operating conditions, and have a dleahliness class of 

lOOO- 

b. The benefiting payloads are HE-Ol-A, Large X-Ray Telescope Facility, HE-ll-A, 
Large High Energy Observatory D, HE-20-S, High Resolution X-Ray Telescope, The 
techniques would also improve XUV, UV, visible light, and IR telescope selectors. 

c. Enables use of more than one instrument per telescope to maximize X-ray telescope 
mission output and scientific return with minimum dimensional degradation penalty. 
Due to the relatively short wavelength of X-rays within the X-ray telescbpe s|>ectral 
range, small variations in dimensional stability cause large variations in images, 
polarization measurements, and detailed spectral measurements. 

d. This technology requirement will be satisfied when a breadboard mbunt/s elector is 
tested in relevant environment in the laboratory . 


T O BE CARRIED TO LEVEL _5 



DEFINITION or TECHNOLOGY REQUnilEMSNT NO. C-9,6 

1. TECHNOLOGY REQUlREMENTfTITLE^ : Blstrumeiit Moimt/Selector PAGE 2 OF ^ 

RedacHoii of dimensional and angular degradation. 

7. TECHNOLOGY OPTIONS: ■" ■' ' ' ■' ■' ~ ^ 

a. Compensating metallic/eomposite structural concepts 

b. Low expansion, coefficient materials. 

G. A rotating "Lazy Susan" type of instrument selector as well as sliding rail type con- 
cepts have been studied. The alterha.tive mechanisms will enable rotation or transla- 
fipn of one instrument at a time in to X-ray mirror focal position* as weE as providing 
vernier adjustments in rotation around the Hne of sight, tilt, cross axis, and axisd 
vernier adjustments. 


S. TEQOTCAL PROBLEMS; 

a. Design^ febJ^ication of a low distortion mount, and calibration under laboratory 
Gon^ttons simulating space environment. 

bf Flexability in shifting one of 5 X-ray instruments into X-ray t^escope field without 
distortmg visible light/UV field, monitor and guide star trackers. 


9. potential ALTERNATIVES: 
(TBD) 


10. PLANNED PROGRAMS OR DNPEBTtjRBED TECHNOLOGY ADVANCEMENT: 

ai . W74r-7063£i (188-41^64), May Spect^^^^ for Shuttle, NASA/GSFC, Ellhu A. Boldt, 
(301) 982-5853. . 

b. W74-7063r (188-41-59) X-Ray Astronomy, NASA, Washington, D. G* , N. G. Roman,, 
(202) 755-3649.;^ 

c. Conf. S. S. Holt wi& E, S. Saari, 6 November 1974 a.t GSFO. 

EXPECTED UNPERTURBED LEVEL 4 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Developm,ent of lightweight,, zero-expansion graphite epoxy materials. 





D EFINITION OF TECHNOLOGY REQUIREMENT NO, C^9. 6 

1. TEC riNOLOGY REQUIREMENT (TTTT ,E) ; Instrument Moimt/g electo r PAGE 3 OF _3 
Redaction of dimensional aiid angular degradation 

12. TECHNOLOGY REQUIREMENTS SCHEDULE; 


CALENDAR YEAR 


SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

35 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 

1. Ops & Param. Analysis 

2. Model Design 

3. Build Model 

4 . TeetModel 

5. 




- 
















APPLICATION 

1. Des^n (Ph. C) 

2. Devl/Fab (Ph. D) 
3* Operations 

4. 





— 

- 

T3 

r 

# 

?2 


• 

;T3 







• : 

















13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 





T 





T 








:OTAL 

NUMBER OF LAUNCHES 








T3 

T? 

ITS 


T3 





T2 

■.-5;/ 

14. REFERENCES; 

a. Final Report of Space Sh 
1973, pa^es A-1, -2> -4 

b. Summarized. NASA Payle 
pages 112-115. 

c. Summarized NASA Pa.ylc 

d. Payload Descriptions, V 

Legend 

T1=HE-01-A, Large X 
T2 = HE-rll-A , Large H; 
T3 = HE -20 -S , High Res 
T= Technology 
— = Automated 
•■•■•^•Sortie-:'--'.-.,'..-' 

15/ LEVEii OF STAra 01 

:• 1. I3^1C.P.HEKO^lE^JA pl3SEUVKD^^^ 

' " 2.- THEORY FOUM Ut/VrED- TO DESG 

3* THEORY TESa’ED 3Y PHYSICAL 
OH ^lATIlE^LATICAL MODEL. 
4/ PEIVim^^T FUtiCTIOxV OR CIIAI 
E,G., MATERIAL, COMPQ.NEt 

uttl 

• ■ 

lad 

lad 

ol. 

~Ra 

olui 

VAI 

iNDS 

lUBE 

lACTJ 

"T— ■ ; 

e Payload Plauiiiag Working Groups, NASA/GSFC, May 

Descriptions, Sortie Payloads, PD, NASA, July 1974, 

Descriptions, Automated Payloads, Level A Data," July 1974 
I, Automated Payloads, I,evel B Data, NASA, July 1974. 

y Telescope Facility 

Energy Observatory D (1. 2m X-Ray Telescope) 
lion X-Ray Telescope 

Dm ■ 5. COMPONENT bit BREADBOARD TESTED IN RELEVAIIT 

ENmOHMENTlN THE tABORATORY. 

E PORTED^ . . 6,: MODEL TES.TEP IN AmC JUFT EMVIRONMEKT^^ 

PHEKOMENk/ 7, MOtiBL TESTED JtJ SPACE EN\TRONMENT. 

RlMEfcJT a. HEW CAPAmLlTY DERIVED PROM A MUCil LESSER. , 

OPEHATiOHAL MODEL. ! 

ERiSTiC DEMONSTRATED, 9, RELIAHUTY UPGRADING OF AN. OPEHATJONAL MODEL, 

TC* . . iO. . LIFETIME EXTENSION OF. AN OPERATIONAL MODEL . 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. j 


1, TECHNOLOGY REQUIREMENT (TITLE); . ' PAGE 1 OF J. 

Module Resupply Meohanism • ■ • ' 

i 2 / TECHNOLOGY CATEGORY: Spaoeoraft/MeohaDioal 

! 3. OBJECTIVE/ ADVANCEMENT REQUIRED: To resupply aud refurbisli a spaceoraft 
! iu orbit. 


I 

It 


r.. 


4. CURRENT STATE OF ART: Engiueering hardware has beeu built aud feasibility of 

couoepts Is being tested for Shuttle Orbiter based systems. . 

HAS BEEN carried TO LEVEL _4 

5. DESCRIPTION OF TECHNOLOGY 

j Malfunctioning or depleted spacecraft systems cau he repk,ced, remotely, in orbit with- 
out having to return the entire spacecraft to earth for refurbishment or reworlt. The 
initial system is configured for use with the Shuttle Orbiter . Advanced Indexer manipu- 
lator systems concepts are being considered for use on a retrievable Tug in synchronous 
or higher orbits. 


- -t - ■ 
1 






;■ •■r,' 



, P/L REQUIREMENTS BASED ON; ^ PREt-AjD A, □ B.Q C/D 

6 . RATIf iNj^E AND ANALYSIS: ~ ■ ■' . . 

(a) The present method for orbiting a spacecraft precludes its recovery for repair or re- 
furbishment. The cost effective solution is to provide systems to recover, repair, and re 

(b) EOS-A, B, C, and D; SMM; EGRET; SSOS; SEOS; SeaSAT* will benefit. LS-02-A, Bio 
medical Experiment Scientific Satellite (BESS) could benefit if means is provided for 
continuous life support for specimens during modular unit replacement operations ^ Add- 
itional operational synchronous orbit spacecraft such as EO-58r-A (GdES), EO-59-A(GEOS 
or their replacements could benefit. AS-16-A, Large Radio Observatory Array, is 
currently scheduled as a typiical example for remotely controlled servicing at greater 
'than synchronous of bit altitudes. ‘ 

(c) In orbit ; repair and refurbishment of .spacecraft will replace the present method of 
operations, i. e. , launching a second or back-up spacecraft to complete the mission of the 

/mal&hctioning bpacecrafti.^ ■ 

(d) The test of a model with A Spacecraft to demonstrate its. appHcabiHty will satisfy this 
technology requirement. 


*EO-08A ,, 

**OP-07-A & -09A ; y ^ TO LEVEL X 

J^EGlplHG PAXIE 




10. PLAlsKED PROGEAMS OR UNPERTURBED TEGHNOLOGY ADVANCEMENT: 

(a) EGRET spacecraft, P. J. CepoUina, (301) 982-5913, 

(b) RTOP W74-70824 (970-63-10), Teleoperator Control aad Manipulation, 

W. G. Thornton, MSEC, Huntsville, Ala., (Ph. 205-453-5530). 


EXPECTED UNPERTURBED LEVEL 4 

11.. RELATED TECBNPD REQUIRERiENTa: 

Development Of cbmpositeinaterial mechanism to solve weight and 
thermal gradient problems. ; ^ ^ 



DEFINmON OP TECHNOLOGY REQUmEMENT 


1 . TECHNOLOGY REQUIREM ENT (TITLE) : . 
Module Resupply Mechanism 


PAGE 3 OF 3 


l2, TECHNOLOGYREQUIREMENTSSCEBDULE: 

^ V CALENDAR YEAR 

SCHEDULE ITEM 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 


TECHNOLOGY 

1. Redesign E/U 

2. Modification E/U 

3. Qualification E/U 



APPLICATION 
1. Design (Ph. C) 


2. Devl/Fah (Ph, D) 


3. Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 



2 2 1 


* M' 


* * 


a. Flight Support System for Earth Observation Satellites (NAS5-23203, Mod 4) 

/ SD74^A-0p57. ; . 

b. Letter: NASA/GSFC File No. 8213, Code 730, Subject: ’’Study of Future Payload 
Techuology Requirements, Contract NAS 2-8272", F. J. Cepollina to 

Hi M. lfeerdj GlVConvalr, dated 10 January 1975, 

c. In-Ofbit Servicing by Frank J. Cepollina and James Mansfield, pages 46-56 Astronauti 
^ Aeronautics, Vol. 13, No. 2, dated February 1975. 

d. MGR-73-337, NAS 8-29904, Final Report, Shuttle Remote Manned Systenis Reciui^^ 
ments Analyses, prepared for MSFG by Martin Marietta Corporation, February 1974. 


Legend - Resupply Missions 

E/U Engineering Unit 

15. LEVEL OF STATE OF ART 

1, ; BASIC PHENOMENA. OBSERVKD AND HEPOHTED. 

2, TIIEOavioimuiATEDTOBESCmBE PlIEKOMEifA 

3, T^rlEORY TESTED. 3 Y P!IVSICAL £XT'ERi^IE^^l? 

. ORiMATHEMATlCAL ^tOOEIi. 

4# PEKTIRENT FUNCTION OR CtlARACTERlSTlC DEMONSTRATED, 

. . ^ , E.G,, MATERIAL, CQMPQNEKTi -ETC^ • . . ....... • 

'■■■7-323 


5, COMPONENT on BRDADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE laboratory* 

• e. . MODEL TESTED IN AmCHABTENymONMENT* . 

7/ MODEL TJE5TED IN SPACE ENViRdNtlENT/^ 

B* NEW CAPABILITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

3. RELlABILlTy UPGRADING OF 'AN pPERATIONAL MODEL, 
10, LIFETIME extension OF.AN OPERATIONAL MODEL, 













DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 8 


1. TECHNOLOGY REQUIREMENT fTITT .E) t Spacecrafi: Booking/ 
Deploymeat (Latohing) and Retention Mechanisms 


PAGE 1 OF 3 


2 . TECHNOLOGY'CATEGORY; Spaoecraft/Mechanical 

3. OBJECTIVE/ ADVANCEMENT REQUIRED : To launch or retrieve a spacecraft or to 


resupply and refnrbisli a spacecraft while in eartli orbit. TecTinique should work in low , 

synchronous, or greater orbits accessible by Shuttle Orbiter or Tug. 

i'. C U IIREN T STA TE OF A RT ; Preliminary design concepts, 


HAS BEEN CARRIED TO LEVEL 4 


' 5. DESCRIPTION OF TECHNOLOGY 

' (a) Malfunctioning or depleted subsystems/instruments can be replaced, remotely, with 
• the spacecraft docked to the Shuttle Orbiter or Tug wMle in orbit without having to return 
the entire spacecraft to earth for refurbishment or rework. 

(b) Spacecraft may be launched by the Shuttle/Tug. 

(o) Spacecraft launched prior to the Shuttle era may be retrieved by the Shuttle and 
returned to earth. 


P/L REQUIREMENTS BASED ON: 0 PRE-A,n A,\J B.D C/D 


B. RATIONA1.E AND ANALYSIS: 

(a) The present method for orbiting a spacecraft precludes its recovery for repair or re-j 
ftirbishment. A potentially cost effective approach is to provide a Shuttle/Tug compatible 
system to dock, refurbish/resupply, and redeploy spacecraft, Further advanced tech- 
uology is desired to support trade studies. 

(b) EOS-A, B, 0 and D; SMM; EGRET; SSOS; SEOS; SeaSAT Will benefit. 

(e) In orbit repair and refurbishment of spacecraft will replace the present method of 
operations, i.e. , launching a second or backup spacecraft to complete the mission of a 
malfunctioning spacecraft. 

Retention devices are required to support the spaceegaft during launch of a space- 
craft or the return of a spacecraft to earth from orbit. 

(d) The test of a model utilising a spacecraft to demonstrate its applicability will satisfy 
this technology reqvdrement. 


PAGS BLAKK NOT PlIMEID 


*EO-08A 

**OP-07-A & -09A 


TO BE CARRIED TO LEVEL 7 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. C-9,8 

1 . TBGHNqt.QGY REQuirement/TITLE^ : Spacecraft page 2 op ^ 

Doeking/Deployment (Latclilng) and Retention MecRanlsms 

7. TECHNOLOGY OPTIONS: 

(a) Contimie present mode of operation of replacement of spacecraft, utilizing 
non-Sliuttle lanncli veliicles. 

(Id) Launch spacecraft by the shuttle. 

(c) Development of an EVA method for docking and deployment. 

(d) Capture and return spacecraft to earth for refurhishment and/or 
repair . 


(e) Capture and return spacecraft to earth for technical analysis. 



(b) Accommodate misalignment of the spacecraft/shuttle mechanism 
interfaces at the momemt of initial engagement. 


(c) Effect of thermal gradients on alignment of spacecraft/shuttle 
mechanism interfaces. 


9. POTENTIAL ALTERNATIVES; 

There are no known potential alternatives other than those discussed 
in Section 7. 


10 . PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

(a) EGRET spacecraft, P. J. CepoEina, (301) 982-5913. 

(b) RTOP W 74-70824 (970'-63--10), Teleoperator Control and Manipulation, 

W. G. Thornton, MSEC, Huntsville, Ala. (Ph. 205-453-5530) 


EXPECTED UNPERTURBED LEVEL ±_ 

11. related TECHNOLOGY REQUIREMENTS; 

Deveiopmeht Of composite material structur'e to save weight and 
thermal gradient problems. 




1 DEFINITION OF TECHNOLOGY REQUIREhlENT 




NO. 

C- 

9.8 

1. TECHNOLOGY REQUIREMENT ITITLEl 

Spacecraft 




PAGE 3 OF 

3 


j Docking/Deployment 

(Latching) 

and Retention Mechanisms 






12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 

SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

S4 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 
1. Design Eng. Unit 


' 













■ 





2. Fabricate E/U 

- 

— 


















3. Qualify E/U 




















4. 




















5. 



■ 

















APPLICATION 
1. Design (Ph. C) 


















r 


2 . Deyl/Fab {Ph. D) 

3. Operations 

4. 


















' 








i 









1 





13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 




A 











r 


1 

|0TAL 

NUMBER OF LAUNCHES 





2 

2 

1 

2 

1 

* 

1 



1 

E 


.JL 

9 


a 


14. REFERENCES: 

Flight support system for Earth Ohservation Satellites (NAS5«23203, 
Mod 4) SD74-SA-0057 

Letter: NASA/GSFC File No. 8213, Code 730, Suhject: ’’Study of Future Payload 
Teclmology Retiuirements , Contract NAS 2-8272", F^ <J. Cepbllinato 
H. M, Ikerd, GD Conyair, dated 10 Januaiy 1975. 
lu-Orbit Servibitig by Frariic J. GepolliDA and James Mansfibld; paged 46-56 Astronautics 
& Aeronautics, VoL 13, No. 2, dated February 1975. 

MCR^73^337, NAS 8f299p4, Final Repoart, Shuttle Rem Manned Systems Requirements 
Amlysis prepared for MSEC, by Martin Marietta Corp. , February 1974. 

Legend:*= Resupply missions ^ 

E/U -Engineering Units 


15. LEVEL OF STATE OF ART 


I* BAiUC phenomena 

2 . THEORY FOimULATED TO DESCfllBE PIlEK 6 ^fENA. 

3, TBEOnV TESl’ED BY PllVStCAE EXPEBlMENT 

OR RtATHEMATICAE MODKTu 

4* PERTINENT function OR CHARACTERISTIC DEMONSTRATED, 
. . , RUTEIUAL, COMPONEKT, ETC, . 


5/ COMPONENT on BREADHOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LABORA^lORY* 

6. MODED TESTEDTN AinCRAPT environment. , V, 

7. MODEL TES^fED IN SPACE ENVIRONMENT.. 

B* NOT CAPABlLm DERIVED FROM A MUCH LESSER 
OPEHATIONAL AIODEL. 

9, RELIABILITY UPORADINC OF AN OPERATIONAL MODEL, 
.10, LIFBTLMS EXTENSION OF AN Pl’ERATlQNAL MODEL, . j 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. 

1, technology requirement (TITLE): E~VA Equipmeat atid Tool s pa^e i of 
■ for Oper ati ons, Repair and S ervicing of Spaceoraffc 

'■ 2. TECHNOLOGY CATEGORY: Spacfecraft/Mecbanical 

, " " * " I ■■■■ II mm,: mm, 'i — ■ 'i — " *■■■. i i i ■ i i i 

^ 3. OBJECTIVE /ADVANCEMENT REOTURED ; Operate, service, aad repair spaceeraffc 
. jg orbit. 


; 4. CURRENT STATE OF ART; Some tools have been utilized ia Apollo and Skylalb 

f missio as; however, adyanoed power tools are needed. 

^ _ HAS BEEN CARRIED TO LEVEL 1 

I — — — ' — — . 

I 5. DESCRIPTION OF TECHNOLOGY 

* MaUEuactioning or depleted spacecraft subsystems, iastrumeats, aud appendages can 
be replaced, remotely, aboard the shuttle in earth orbit. EVA services for planned 
j assembly and test operations in space can also be performed. 


P/L requirements BASED ON: 1^ PRE- A, D A, n B,D C/D 

6. RATIONALE AND ANALYSIS; 

(a) The present method for orbiting a spacecraft precludes its recovery for repair 

or refarbishment. The cost effective solution is to prbvide a shuttle coaipatible system 
to recover, repair, and reorbit spacecraft. 

(b) EOS-A, B, C and D; SMM; EGRET; SSOS; SeaSAT*to benefit. 

(c) In orbit repair and refurbishment of spacecx'aft will replace the present method of 
operations, i.e. , launching a second or backup spaceeraft to complete the rnission of a 
malfunctioning spacecraft. 

Planned or contingency EVA win be avaifeble, as required, to accomplish opera~ 
tions/resupply/ refmfoishment noission in the event of failure , This capability ca.n best 
be utilized if tools, drives, etc. , are available to manually correct/override incurred 

(d) The test of a model utilizing a spacecraft to demonstrate its applicability will 
satisfy the requireniehts of this technology item^ * 

^ ;V*EO-08A'\'- 
*^P-07-A & -09A 

' - ^ ■-’ . .VA to BE CARRIED TO LEVEL ^ 

PBECiIDlN<}''BA.GE;^BLAJ^ 


DEFINITION OF TECI-INOLOGY KEQUIKEMENT 


NO. C-9.9 


1 . TECHNOLOGY REQUIREMENT{TITLE) ; EVA Equipment Tools for PAGE 2 OF 
Operatioas, Repair aad Servioiiag of Spacecraft 

7 . TECHNOLOGY OPTIONS; ~ 

(a) CoQtmuetlie present modeof operatio a of replacing spacecraft. 

Captnre and return spacecraft to earth, for refurhishment and/or repair, 

(c) Development of a remotely controlled automated system for refurhishment of a 
malfunctioning spacecraft while in earth orbit. 


8. TECHNICAL PROBLEMS: 

(a) Establish the payload system feilure modes and determine which (including drives/ 
tooltag) are EVA correctable. 


9. POTENTIAL ALTERNATIVES: 

There are ho Isnowh poteniial alternatives other than those discussed in Section 7. 


1 0 . PLANNED PROGRAMS OR HNPERTDRBED TECHNOLOGY AD VANCE MENTi 


(a) ^ylab Experience Bulletins s and 13i In FHght Maintenahcei a Viable Program 
Element, Robert Gunderspn, JSC, September 1974, 

(b) Tools, Test Equipment and Consumables to Support In Flight Maintenance, 
Robert Gunderson, November 1974 

(cqntinued ou page 4) : V ; v EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Use composite materials for tools to solve weight and dimensional problems. 



DEFINITION OP TECHNOLOGY JEUSQUIREMENT 


NO, C-9.9 


1. TECHNOLOGY REQUIREMENT ^TITI^E^; EVA Equipment 
and Tools fbi' Operation, Repair and Servicing of Spacecraft 


PAGE 3 OF 4 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

^ ^ ^ CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Design Eng. Unit 

2. Fabricate E/U 

3. Qualify E/U 




APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 


. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENdES: 

a. Flight support and system for Earth Observation Satellites 
(NAS5-23203, Mod 4) SD74-SA-005 

b. Letter: NASA/GSFC File iNo. 8213, Code 730, Subject: "Study of Future Payload 

Tecbnology Requirements, Contract NAS 2-8272", F. J. Cspollina to 
H. M. Ikerd. GD Gonvair, dated 10 January 1975. 
i;. In-brbii Seridcing by Frank J, Cepollina and James Mansfield, pages 46-56 Astronautics 
& Aeronautics, Vol. 13, No. 2, dated February 1975. 

<U Tools, TsstBquipment and Consumalales to Siqjpprt JLn-i)’Jigiit Iviaintenanue, Robert 
Gunderson, Nov* 1974. 

Legend: * = Resupply missions 

E/U =* Engineerh^ .Unit 


15. LEVEL OF STATE OF ART 

. BASIC PKE^TOIENA 015SEIIVED AND BEPORTED,^ ^ 

2. TIIEQRY TO DESCRIBE PIIBNOMENA., 

3, TcIEOnY TESTED BY physical ENPERBdENT 

. Or XATIlEJLATiCAt, model. 

A, PERTINENT FUNCTION OR CHARACTERISTIC DEMONSTRATED. 
.. .. E>G,. MATERIAL, COMPONENT, ETC. 


■ 7^3l’ 


5, COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE LABORATORY. 

6, MODEL TESTED IN AIRCRAFT ENVlRONatENT. 

T/ model TESTED IN SPACE ENV1RON311EST. 

8. NEW CAPABILITY DERIVED FRO:.! A MUCH LESSER 

OPER.ATIONAL MODEL. 

9, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. LIFETIME EXTENSION OF AN Ol'ERATlONAL MODEL. 















DEFINITION OP TEGIINOXiOGY REQUIREMENT NO, 0-9. 9 

1 . TECHNOLOGY RSQUmEMSNT ^TITLE;ii EVA Equipmeat Tools for PAGE4 OF i_ 
Operations, Repair and Sorviaing of SpaceGj'affc 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
(Cpntifmed from page 2) 

(c) Gontributing contracts - 

(1) In FHglit Maintenance Study 

■ Martin NAS 9-8144 

(2) Application of EVA Guidelines and Design Criteria 

Matrix NAS 9-12997 

<3) Maintenance of Manned Spaoecrafl; for Long Duration Missions 
Boeing NAS 2-3706 

(4) Space Shuttle Support Equipment Requirements Study EVA/IVA 

Hamilton Standard NAS 9-12508 

(5) Study of Space Shuttle EVAAVA Support Requirements 

LTV NAS 9-12507 

(6) Role of RMS in EVA for Shuttle Mission Support 

Essex NAS 9-13717 

(7) Study to Evaluate Effects of EVA on Payload Systems 

Roclcwell NAS 2-8249 

(8) Space Shuttle Orbiter Logistics Support Plan 

Rockwell SD-T3-SH-0188A 





DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


1. TECHNOLOGY REQUIREMENT (TITLE): Remote Manipulator PAGE 1 OF A 
’ S ystem (RMS) End Effector Mechanism. Shuttle to Spacecra.j!t 

2 . TECHNOLOGY CATEGORY; Spacecraf t/Mechanical 


3. OBJECTIVE/ ADVANCEMENT REOTITRED ; Tn release or retrieve a Space> 
craft or to Resupply/Refurbisli a Space»craft nliile in earth orbit 


4. CURRENT STATE OF ART; Preliminary design concept 


HAS BEEN CARRIED TO LEVEL^ 


o. DESCRIPTION OF TECHNOLOGY 

(a) Spacecraft will be removed from the shuttle orbiter cargo bay 
and placed into earth orbit by the RMS^ 

(b) Spacecraft will be retrieved from earth orbit and placed into 
the shuttle orbiter cargo bay for resupply/refurbishment or return 
to earth using the RMS. 

(c) Malfunctioning or depleted spacecraft appendages such as a 
solar array may be replaced while in earth orbit using the RMS. 

(d) Special end effectors other than the basic orbiter end effector will be des^ned and 
provided by the payload requiring the special end effector. However, a set of techniques 
ifoi' non-standard end effectors will help reduce costs. 


P/L REQUIREMENTS BASED ON: 0 PI^E-A jD A,0 C/D 


e. RATIONALE AND ANALYSIS: 

(a) The present method for orbiting a spacecraft precludes its . 

recovery for repair or refurbishment,. The cost effective approach 
is to provide a shuttle compatible system to dock, refurbish/resupply] 
and redeploy spacecraft . : . 

(b) EOS^A, B, C and D; SMM; EGRET; SSOS ; SEOS; SsaSAT will benefit. 

(c) In orbit repair and refurbishment of spacecraft will replace the' 
present method of opex'ations, i.e., launching a second or backup 
spacecraft to Complete the miss ipn of the malfunctioning spacecraft . 

A mechanism is required to interface between the orbiter RMS and 
the spacecraft to effect both the launch and retrieval of free flying 
spacecraft with a reasonable degree of safety. 

The mechanisni is reqhired also to replace Spacecraft appendages 
using the RMS. 

(d) The test of a model of the mechanism in conjunction with a spacecraft to 
demonstrate its applicability wUl satisfy this technology requirement. 


*EO-08A 

**OP-07-A & -P9A 


TO BE CARRIED TO LEVEL T_ 


♦Technology by GDFC,; F. J. Oepollina and associates i 

7-333 


DEFIOTTION OF TECHNOLOGY EEQUIRE^^ NO. C-9.10 

i. TFCimOT.QGY HEQHmEMENT/TITLE^! fiemote Manipulator PAGE 2 C)F .3, 
System (RMS) End Effector Mechanistii ^ Stmt tie to Spacecraft 

~ 7. TECHNOLOGY OPTIONS: ~ ~ ~ 

:(<a) Contimte present mode of operations j reference 6c, utilizing 
non-siiuttle launeii vehicles* 

;(L) Launch spacecraft by the shuttle. 

(c) Development of ah ETA and/or Shuttle attached manipulator system.. 

(d) Capture and return of spacecraft to earth for refurbishment 
and/or repair, 

(e) Capture and retnrn of spacecraft to earth for teqhnieal analysis, 

:(f) Use of astronaut EVA with special tools and devices to accomplish manipulator ;end 

effeefejr tasks. 


S. TECHNICAL PROBLEMS: 

(a) Minimum weight/maximum reliability with a reasonable degree of 
safety. 

(b> Engagement possible over a reasonable range of spacecraft RMS 
misalignment. 

(c) Effect of thermal gradients on the engagement of the RMS end 
effector/spacecraft interfaces. 


9. POTENTIAL ALTERNATIVES: 

There are no knoTO potential alternatives other than those discussed 
in Section 7. 


10 . PLANNED PEG GRAMS OR UNPERTURBED TEGHNOLOGY ADVANCEMENTS 

(a) RTOP 74-70824 (970-63-20), Teleoperator Control and Manipulation, W, G. Thornton, 
i(Ph. 205-453-5330) 

(b) W 74-70817 (970-53-20) Attached Manipulator System, Richard B. Davidson 
(Ph. 713-483-4986) 

EXPECTED UNPERTURBED LEVEL 

11. EELATED TECHNOLOGY REQUIREMENTS; 

Use of composite materials to solve weight and dimensional problems. 





DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-9.10 


n 

n 


^ f 
( ; 


1. TECHNOLOGY REQUIREMENT Manipulator PAGE 3 OF 3 

System (RMS) End Effector Mechanism - Shuttle to Spacecraft 


12 . TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 

75 

76 

77 

CO 

79 

80 

81 

82 

83 

84 

85 

86 

87 88 

89 

90 

91 



TECHNOLOGY 
1. Design Eng. Unit 

i 2. Fabricate E/U 

‘ 3. Qualify E/U 

i 

1 s 

i . “» • 

i 

5* 

- 

— 

' 

■ 

' 


, 







. 










APPLICATION 


. 


















1. Design (Ph. C) 

















i 



2. Devl/Fab {Ph. D) 















'j 

1 





3. Operations 

i 




. :i 










1 

1 

1 



- 


1 

1 


1 


i 

i 





■ ■ ■ 


• 


■ . i 






1C. USAGE SCHEDULE: 

r ^ ' "" . " 

1 TECHNOLOGY NEED DATE 




A 













T 

|oTAL 

1 NUMBER OF LAUNCHES 





2 

2 


2 

A. 


.Jl. 



_1 

* 



9 




I 


14. REFERENCES; (a) EVA/RMS Payload Requirements Work Shop, Oct. 2, 1974, MSEC 
NASA-S-74-11505, RMS Design, R. Davidson, JSC. 

(b) Flight Support and System for Earth Observation Satellites 
(NAS5-23203, Mod 4) SD 74-SA-0057 

(c) Letter: NASA/GSFC File No. 8213, Code 7&0, Subject; "Study of Future E^ayload 

) Technology Requirements, Contract NAS 2-8272", F. J. CepoDina to 

! H. M, Ikerd, GD Convair, dated 10 January 1975. 

(d) In-Orbit Servicing by Franlc J. CepollLna and James Mansfield, pages 46-56 Astronautics 
• & Aeronautics, Vol. 13, No. 2, dated February 1975. 

(ej MCR-73-337, NAS 8-29904, Shuttle Remote Manned System Requirements Aimlysis, Final 
Report, Martin/Marietta for MSEC , Feb. 1974. 

Legend: * = Resupply Missions 

E/U = Engineering Units 


15i LEVEL OF STATE OPART 

I. 2^IC OBSERViiD REPORTED^^^ 

2* ITIEOKy rOimCLATED TO DESCRIBE PREKOMENA. 

3. "tfSOilY TESTED BY Pm*SICAL EXPERIXIENT 
OR ^lAT^iEi^AtIC^ 

i* Tl’RrniHlif FtWCTION* OR CftAFL^CTEIUSTIC DEMONSTRATED^ 
E,c . yj^TZivu\hr cqmpo>:ent, ET C,: 

7-835 


6* COM3?ONENT OR jQREAD BOARD TESTED EN RELEVANT 
environment LV THE tABOR.Al»RY, ' v 

6* MODEL TESTED IN AIRCRATT ENVIRONMENT* 

7. MODE L TESTED IN SPACE EN VrRON.'iENr. . . ; . . 

8« NEW CAPAmLlTY.DERlVEP FROMA MUCH LESSElt • 
operational MODEL,. . ' 

9*. RBLIABILITY UPGRt\mNG OF AN OPERATIONAL MODEL. 
10, LIFETIME EXTENSION OF AN OFERATiONAL MODEL, 


DEFINITION OF TECHNOLOGY REQUIREMENT 


NO, C-S. 11 


I . TECHN01,0GY REQUIREMENT (TITLE) : Spacecraft to Tug PAGE 1 OF 

Dock lag Mechanism 

J. TECHNOLOGY CATEGORY; Spaceoraft/Meohanical 

] . OB JEC TI VE / ADVANCEMENT REQUIRED ; To resupply and refiirbish three<-axis 
stabilized and spin stabilized geo-synch satellites. 


i. CURRENT STATE OF ART- Ei*elhniaary engineering studies have been 


initiated to investigate feasibility of docking mechanism. 


HAS BEEN CARRIED TO LEVEL 3 


i 5. DESCRIPTION OF TECHNOLOGY 

Malfunctioning or depleted spacecraft systems could be replaced remotely by Shuttle or 
i earth controlled tug, at synchronous altitude therefore the spacecraft would not have to 
I be abandoned or returned to earth for rework and/or refurbishment. However, remotely 
controlled docking mechanisms are needed to hold the satellite during servicing. Docking 
mechanisms are also necessary for retrieval of payloads by the 


P/L REQUIREMENTS BASED ON: ^ PRE-A, Q A, □ B,0 G/D 

6. RATIONALE AND ANALYSIS: 

(a) The present method for positioning a spacecraft at synchronous altitude precludes its 
recovery for repair and/or refurbishment. A potentially cost effective solution is to pro- 
vide a shuttle/tug mechanism to remotely service synchronous orbit spacecraft. Further 
technology development may be necessary to reduce costs and support trade studies. 

(b) All compatible spacecraft at synchronous altitude will benefit fi^om this technology 
advance; e.g. , Earth and Ocean Physics, Communication/Navigation, and Earth Observa- 
tions payloads. 

(c) In orbit repair and/or refurbishment of spacecraft would replace the present method 
of operation, i,e. , launching a second or back-up spacecraft to continue the mission of the 
malfunctioning spacecraft. 

(d) The test of a model Of a docfcit^ mechanism utilizing a Spacecraft to demonstrate its 
applicability will satisfy this technology requirement. 


^^RECIilDING PAGE BLANK NCXT ULii© 


TO BE CARRIED TO LEVEL 7 





DEFINITION OF TECHNOLOGY REQUIREMENT 

NO, c-9,11 

1 TECHNOLOGY REQUIREMENTf TITLED: Spacecraft to Tug 

PAGE 2 OF ^ 

Docking Mechanism 


7 . TECHNOJjOGY OPTIONS: 

(a) Capture and return of spacecraft to orbiter for repair and/or 
ref urbis.lment . 


(b) Capture and return of spacecraft to eai't]! via orbit ^r for 
repair and/or refui’bisbment . 

t (c) Continue present mode of operation of total replacement of satellites, 

(d) Teohnology options for the dockit^ mechanisms are: impact and non~impact method!! 
Lo^^rer level options are probe and drogue, latching frame, and other geometrical 
conf^urations. 


8. TECHNICAL PROBLEMS: 

(a) Development of TV controlled position sensing and alignment 
/system. 

(b) Effect of thermal gradients across tug meclaanism/spacecraft 
interface. 


9. POTENTIAL ALTERNATIVES: 

There are no known potential alternatives other than those discussed 
in Section 7. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

a. MSFC: Space Tug Docking Study, 1975 RPP. 

b, SAMSO/Bell Aerospace, Tug Rendezvous and Docking Studies. 


EXPECTED UNPERTURBED LEVEL X 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Pevelcpment of encoder system to assist remote control determination 
of location of malfunctioning system and checkout of replacement 
system. : ' : " :"/■: /■ / /"-■'■■: ■:.// 



D EFINITION OF TECHNOLOGY REQUIREMENT NO, C-9. 11 

1. TECHNOLOGY REQUIREMENT (TTTT.E}> Spacecraf t to PAGE 3 OF S 

Tug Docking Mechanism 


12 , TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 

SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 

1. Design Phase 

2. Fabrication E/TJ 

3 . Testing 85 Qua 1, E/I 

4. ^ ^ 

6 . 




■ 1 

I 

'■ 














■ 



APPLICATION 

1. Design (Ph, C) 

2. Devl/Fab (Ph, D) 

3 . Operations 

4. 









-- 




- i 
















13. USAGE SCHEDULE: 

TECHNOLOGY NEED DATE 


— 
















1 

’OTAL 

NUMBER OF LAUNCHES 






. * 


4= 

* 

* 

. ^ 



* 



14. REFERENCES; 


(a)NASA Management Instruction 8020,22 dated 1 October 1974, 

Letter; NASA/GSFG File No. 8213, Code 730, Subject; "Study of Future payload 
I Technology Recjuirejnents, Contract NAS 2-8272", F. J. Cepollinato 

H. M. Dcerd, GD Convair, dated 10 Janua?^ 1976. 

(c)In-Orblt ServioiQg by Frank J. Cepolliiia and James Mansfield, pages 46-56 Astronautics 
& Aeronautics, Vol, 13, No. 2, dated February 1975. 

{i) MCR^73-337 (NAS 8-299041 Shuttle pemote MannedEystems Requirements Analysis, 
FinalRepprt - Martin/Mavietta for MSEC, February 1974. 

Legend:* = Resupply Missions 

E/U=Engineering Unit 


15. LEVEL OF STATE OPART 5 . coMPOKEal or breadboaro tested in fletEVAUT 

ENVIR6K^tEKT IN THE LAnORA-TOHY. 

1* BASIC phenomena QBSEHVED AND HEPOnXED* MODEB TESTED IN AmCRAJT ENVIRONMENT- 

2* XIIEORV KJUMUIATED TO DESCRIBE PnENQMENA,. 7 ^ MODEL TESTED IN SPACE ENVIRONMENX- . 

3* l-HEOnV TESl’ED BY PHYSICAL EXPERIMENT 8 * NEW CAPAmLlTY DERIVED FROM A MUCH LESSER 

OR RIATIISHLATICAL MODELi .... .. OPERATIONAL MODEL, ' 

4/ pERTiNENT FUNCTION OR CHiUlACTERISTIC DEMONSTRATED, 3 / BELIABtLlTY UPGRADING OF AN OPERATIONAL MODEL* 

E.G*, MATER1AL« component, ETC, , . jQ* LIFETIME EXTENSION OF AN OPERATIONAL MODEL* 


DEFINITION Ol-' TECHNOLOGY REQUIREMENT 


NO. 


I TErilNOL(JCY REQUIREMENT (TITI.E): 
MULTIPLE INSTRUMENT CHAMBER 


PAGE 1 OF 6_ 


Environmental Control 


2 . TECHNOLOGY CATEGORY; _ 

,•}- ODJECTIVE/ADVANCEMENT REQTTTREP: Construct a Biecbaalsai piserable in a 
cryogenic environment whicli will en able focusing of focal plane energy on 

detectors of between 2 and 6 IR instr uments. 

I . f *11 iinp’MT km’ATK { )f<^ A RT« NSAF bas developed and operated a Michelson 

interferometer with moving parts in a cryogenic environment. 

— - has been carried^o level 4 


0. DESCRIPTION OF TECHNOLOGY 

The Multiple Instrument Chamber (MIC) will contain 2 to 6 IR band Instruments 
to be developed by investigators, and 2 visible band instruments (an imaging 
CCD array, and a focal plane tracker)* The visible band instruments provide 
pointing correction to the stabilization and tracking loop and also permits 
visible band observation of areas in the IR instruments FOV. The IR band 
instruments will investigate *faint sources of IR energy- The mechanism for 
energy transfer remains to be designed. Current considerations include use of 
a dichroic element to reflect IR band energy and pass visible band energy to 
their respective detectors from a reflecting telescope surface. The IR 
detectors are maintained at various cryogenic temperatures which causes the 
primary problem considered herein which is operation of a precision mechanism 
without contamination of cold surfaces. 

(continued on page 2) 

P/L REQUIREMENTS BASED ON; □ PRE-A,0 A, D B.n C/P 


(beuefitiQig 

payloads) 


(5. RATIONALE AND ANALYSIS: 

a. The MIC is a part of the Shuttle Infrared Telescope Facility (SIRTF) and 
permits selection of 2 to 6 IR instruments of IR astronomy investigations. 

h. AS-Ol-S - 1.5 m cryogenically cboled IR telescope - 0A 
AS-14-S - 1 m uncooled IR telescope - pre 0A 
AS-15-S -3m ambient temperature IR telescope - pre 0A 
AS-20-S - 2.5 m cryogenically cooled IR telescope - pre 0Aj 
Ao- 07-A -3m ambient temperature IR telescope - pre 0A J 

c. The ability to use the MIC to select an instrument enables multiple 
observation of phenomena using different spatial and spectral sensitivities 
and resolutions. Cooling the detectors and instruments results in optim- 
ization of S/N ratio for observation of faint IR sources against faint 
backgrounds. 

d. The techaology is now available in the form of potential components to initiate 
design of the MIC. The unit must be developed with final technology demonstration 
test in space. 


i-UECEDING PAGE BIAHK NOT FEMm 


TO BE CARRIED TO LEVEL 


7-341 


DEFINITION OF TECHNOLOGY REQUlIUDMENT 


1. technology BEQUIREMENT (TITLE) : 

Multiple Instrument Cliainiber 


PAGE 20F1 


Description of Technolo^ (continued) 

Cooling re.quirements are tentatively listed as; 

Overall telescope - expansion of supercritical He gas enabling temperatnres of 10- 

Gas is expanded by Joule-Thompson loop hopefully to bring temperature down 
to 1“K for some detectors 

Other detectors will require temperatures of 4-10°K, with some at 20*K 


The MIC concept is presently being developed by the Hughes Company, Culver City, 
Cooling requirements will be defined by August 1975 with additional requirements 
to be defined by experimenters after that date. 

The possibility of technolocv transfer of cryogenic developments applicable to 
El 12. 3 should be investigated. 

The envelope of the MIC is illustrated in Figure 1. 



Sf8-i 


H 






DEFimTION OF TECIiNOLOGY HEQUIREMENT NO. RI, 10.1 

; L TECI-INQLOGY REQ.UIliEMENT(TITLEyr PAGE 4 OF 

I Multiple Instrument Chamber 

77~TECHN0L0GY OPTIONS: ~ 

Theme cryogenic system remains to be defined es either a dewar system, or a 
I refrigeration machine. It appears likely that the dewar is a valid consideration 
for the sortie missions. However, the automated mission AS-07-A has a three-year 
life and probably could fully utilize a cooler with Joule-Thompson expansion loop. 


8. TECHNICAL PROBLEMS: 

a. Development of a zero gravity cryogenic He container 

b. Contamination prevention on cold surfaces in a differential temperature area 

c. Development of rotary cryogen joints without leakage or significant friction 

d» Addition of Joule-Thompson, expansion techniques to current refrigeration machine 
under development (see 10112. 2)to lower temperature from 20“K to l“k. 

9. POTENTIAL ALTERNATIVES: 

jinddvidual instruments are not a viable alternative because the value of the lEEG 
ils its ability to save weight because its instruments share the same telescope. 


10 . PLANNED PROGRAMS OR UNPERTURBED TECIETOLOGY ADVANCEMEKT: 

|a, Zero:-G cryogenic containers - Dr. Urban , MSRG 

lb., IR detector development ~ Hughes 

jc. Gontamination prevention Dr. Ress, Martin Marietta * Hughes, Culver City 

(i atinued on page 5) 

[■■.y ..EXPEGTEB GNPERTtJRlBEP ^ 


7-3M 

- ^ ^ ' "" ^ 


11. RELATEB TECRNOLOGY REQUIREMENTS: 

a. IR detector, GGD, and pre amp development operable from 30 to ZOOiU 

b. : Development of long IR wavelength filters , with narrow bandwidths and sharp 

cutoffs. 




pEFINn’ION OF TECHNOLOGY REQmREMEN^ VSO Riao. l 

1. TECHNOLOGY BEQUIREMENT fTITLE^: PAGE q OF fi 


Multiple Insti:umen.t Chaniber 



Planned Programs or Unperturbed Technology Advancement (continued) 

d. Long wavelength -filter development - current British development 

e, Honeywell Radiation Center in connection with USAF OIL has developed a 


Michels on interferometer. 



■ . M 

■ i I 

t- i ; 

i' 




DEFINITION OF TECHNOLOGY REQUIREMENT NO.Rl“^ ^ 

1 . TECHNOLOGY REQUIREMENT (TITLE): PAGE 6 UF 6 . 

12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 

SCHEDULE ITEM 



B3I 




Si 

KHl 

HU 

HI 

m 

KH 

13 

S9I 

9 


9 

■1 

■ 

TECHNOLOGY 
1 j^K^^Re^uirements 

2* Breadboards/Tests 

3. Life Testing 

4. Engineeriag Model/ 
Testing 

5* : 



1 

1 

1 


1 


■■■ 



leel 

iinei 

ledi 

i C{ 

de\ 

i a^i 

HHi 

t£tVt» 

M> 

n 

Hi 

1 

>gy 

e 1 
»er: 
lull 
ich; 



at€ 

d. 

s 

It 

hue 

1- 

, 

APPLICATION 

1. Design (Ph. C) . 

2. Devl/Fab (Ph. D) 

,j . Operations 

4. Shuttle Sortie Opera- 
tions (all others) 

1 




1 

1 

1 


1 


1 

1 

1 




1 

1 



1 

1 

1 

1 

1 

1 


1 

1 

1 

1 

1 

i;i. USAGE SCHEDULE: 

TECUNOI.UGY NT- JC^J^ATE 

■ 

■ 

1 

1 

■ 

■ 


■ 

■ 

■ 

1 

1 

1 

1 

B 

IB 

IB 

B 

NUMBER OF LA I NCHES 

1 

■ 

■ 

■ 

■ 



3 

6 

B 


1 



li 

Ii 

11 

36 


I 1 L REFERENCKb: 


1. Performance Requirenietits for Space Shuttle Infrared Telescope Facility (SIRTF) 

tSpecification 2-24483, HASA-Ames, July 15,. 1974 V * 

2. ’ Technical discussibii between J. Kirkpatrick, NASA-Ames, and P. U. Fagan,. 

Rockwell International, 2 Novembesr 1974* 

3* Technical discussion between F* ¥itteborn, l^ASA-Ames, and P. R.; Fagan, 
Rockwell Intertiatipnal, .3 November 1974 . 


4. Letter from ,C. McG r eight, NAS A^Ames to H. Ikerd, GDGA, December 31, 1974,: 


5. Discussion between G« McGreight, NASA“"Ames, and P* R. Fagan, Rockwell 
International, October 8, 1974, 


15. LEVEL OP state OF ART s* coMiros»EKtonimEAnBOAiU)t^^ 

E:raHONMENT IN THE LAIKJRAl'OnY* 

. 1* HtPORTED,. - ja. MObtn TtStED JN.AinClm>T BNVrnpNM 

• 2 * THEORY FOIUtrtATED TO describe PliENOMENA.. 7 . MODEl- TESf ED IK SPACE ENVIRONMENT-. 

3, rrapORY tested .BY PllTStCAL EXPERIMENT B. NEW CAPAlillATY DERIVED FltOM.A MUCH LESSER 

OR MATHEMATICAL MODEL. OPERATIONAL MODEL. 

4. PERTINENT PHNCTION OR CiLARACTERlSTiC DEMONSTRATED^ », HELIARILITY U1»GRAD1NC OF AN OPlTRATlUNAL MODEL, 

■ E>G,,.MAT£ltlAti:CC^'POH^ ■ . . . io..:UgETlMfi EXTENSION OF AN OiritAtCT 

'■'.■■"■V-346 





















DEFINmON OF TECHNOLOGY REQUIREMENT ncl RI. 10> 4 


1. TECHNOLOGY REQUIREMENT (TITI.E); PAGE 1 OF ^ 

ZBRO-GBAVITSr STEAM GENERATOR 

'J TECHNOLOGY CATEGORY: Environmental Goatiol 

;{. 015JKCTIVE/ADVANCEMENT REOTJlRED i Obtain data on steam generator 
performance under aero-g conditm.ons. 


1 4. CURRENT STATE OP ART* Engineering model in operation at Langley Research 
j Center and undergoing testing. ~ 


HAS BEE N CARRIED TO LEVEL _4_ 

DESC lU I ’TION OF TECHNOLOGY 

The object of this experiment is to obtain steam generator performance data 
during operation in near-zero gravity in earth orbit. The dynamics of steam 
at zero gravity is of interest because a promising technique for removing GO 2 
froracabin air is steam desorption which utilizes steam to displace absorbed 
CO 2 from the sorbent beds in the system. LaRC Systems Engineering Division 
personnel are developing a steam generator for this steam desorption system. 
The phase-change and heat-transfer processes involved in the steam generator 
are expected to be gravity sensitive. At reduced gravity levels, performance 
parameters such as amount of steam generated and steam quality are difficult 
to predict analytically or to simulate with ground tests. Ths steam generator 
performance data obtained in this experiment will be of value in verifying 
analytical performance prediction methods as well as. for design applications. 


P/L REQUIREMENTS BA SED ON; □ PRE^A,|EI A,Q B,[3 C/D 

6 . RA TI( JNALE AND ANALYSIS: 

a. Requirements defined, by need for efficient method for scrubbing 
spacecraft cabin air. 

b. ST-22-S, ATL Payload No. 3 (Module + Pallet) 

c. Scrubbing Sorbent beds extend the life of environmental life support 
systems . 

d. Zero gravity cannot be simulated to extent to assure testing in a 
relevant environment. As a minimum, a test in a zero-g high altitude rocket 
such as an Aries launch would meet the initial technology requirement. 


TO BE CARRIED TO LEVEL 7 

7-347 


DEFINITION OF TECHNOLOGY HEQUIREI\IENT 


NO.RI, 10 i 4 


1 . TECHNOLOGY REQUIIHSMENTCTITLE): ■ ■ 

ZERO-GMVm STEM GENERATOR 


PAGE 2 OFX 


7 TECHNOLOGY OPTIONS 


None defined. 


8 .. TECHNICAL PROBLEMS: 


CpmpqcHon; of heat transfer surfoees. 


9.: PQTENTIAl, ALTERNATIVES; 


Sodium peroxide (NO 2 O 2 ) and potassiiun superoxide (EO 2 ) serve to absorb 
water and, carbon dioxide and regenerate oxygen. 


10 . PLANNED PROGRAMS OR HNPERTDRBED TECHNOLOGY ADVANCEMENTj 
E ngineering model presently being tested* Flight article construction is 
the next step anticipated. 


EXPECTED UNPERTURBED LEVEL 4 


11. RELATED TECHNOLQGY REQUIREMENTS 


None defined.. 




DEFINITION OF TECHNOLOGY REQUIREMENT 




1. TECHNOLOGY REQUIREMENT (TITLE): 

EERO-GRAVIIY STEM GENERATOR 


PAGE 3 OF 3 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCm UI.E ITEM 


TEGHNOL GY 

1. TESTING OF ENGINEERING 
MODEL 

2. FABRICATE FLT MODEL 

3 . TEST FLIGHT MODEL 


APPLICATION 
1. Design (Ph. C) 

2 .. Devl/Fab (Ph. D) 

3. Operations 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DAT! 


NUMBER OF LAUNCHES 



Scheduled acquisition of final article is well ahead of technology need date. 
^ Technology need date. 

14. REFERENCES 

a. Study of Shuttle- Compatible Advanced Technology Laboratory (ATL) , Langley 
Research Center, NASA TMX— 2813, September 1973. 

h. Technical discussions between C. Tynan and D. Barthlome, Langley Research 
Center! and F. R. Fagan, Rockwell International, Nov. 7, 1974. 

Ci Letter frbni p. Barth lomey Long I Research Center top. R. Fagan, Rockwejl 

International, November 12, 1974 

d. Letter from D. Barthlome, Langley Research Center to H. Ikerd, GDCA, 

Pecember 30, 1974 


15. LEVEL OF STATE OF ART 

i, SSSIC PHEJOMENA OBSERVE!) AND REPOltTED. ^ 

Z. T1IEOR.V TOllMULATED TO DESCRIBE PIIBKOMENA. 

3, TSEOnv tested BY PHYSICAL EXPERIMENT 
OR MATHEMATICAL JIODEL. 

4* I»L‘KTINHNT KUNrTION OR CilARACTEIUSTir DSMONSTRi^TED^ 
; : . MAi'EKUi.:. COMEONKNT; STG* ; ' 


5. COMK)KEUT OR BREADBOARD TESTED IN jaSLEVANT 
ENmONyiENT IN THE. LABORATORY, . . 

G, - MODEL TESTED IN AIRCRAFT ENVlR6N^tKNT. 

7, MODEL TESTED IN SPACE ENVIRONMENT. 

8* HEW CAPAHIUTY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

9* RELIABILITY UPGlLVDINC OF AN OPERATIONAL MODEL. 
■ 1(J. . LTFETlfilE EXTENSION OF AN .OI»ER ATlbNAL M QDEL.; 








DEFINITKJN OF TECHNOI.OGY REQUIREMENT 

NO. Rlrll.T 

1. TECHNOLOGY REUUIREMENT (TITI.E): 
Sfructure/Mechanism 

__ PAGE 1 OF 3 


1 J;. TKC’HJSini.OUY CATKGORY: Envlrbnmentai Protection 

I .). ' )1^,J KC^TIVK / ADVAIMCEM KNT RTCOTITHKD; Deve lopmeni' of method for operaHnci 
j efecfronic components and circufts at 750 K and 100 atmospheres. . 


I t. (.'UitllJONT KTATK Ut' AUT: Some silicon carbide devices have operated reltobly^ 

above 750 K . 

HAS BEEN CARRIED TO LEVEL £ _ 

DESC’ UI I ’tlON 01>’ TECHNOLOGY 

Complex circuitry is generally restricted to te’mperafures near 400 K; however, individual 
j silicon devices which have been carefully selected and derated have been operated to 500 K, 
Various types of Si C rectifiers, thermistors, sensors, and prototype field effect transistors 
have operated with long lifetime above 750 K. there is no possibility of increasing the 
capability of silicon devices to 750 K. 


P/L REQUntEMENTS BASED ON; 0 PRE-A,n A,n B,D C/D 

(■ ItATinNAU’ AND ANALYSIS: 

a. The payload will operate from the Venus surface. Best estimates of conditions are 750 K 
and 100 atm . 

b. PL-IO-A Venus Large Lander 

c. The lander will be reqiiired to maintain d communications link during the jaefiod of 
Venus surface data collection. The extreme environment of the surface can possibly 
damage the electronics. 

d. Demonstration of the capability of electronics to operate reliably in a simulated 
Venus environment. 


TO BE CARRIED TO LEVEL 5, 

, 7-351,. 


DEFINITION OF TECHNOLOGY REQUIREMENT 

1, TECHNOLOGY REQUIREMENT{TITLE) : ^ 

Strocture/Mechanlism ^ , 

7 TECHNOLOGY OPTIONS: ~ ~ ‘ 

a* Design of encapsulated environmentally protected sysfetn» 

b. Developrnerit of Sic devices which are capable of 750 K operation. 

c. Development of wide band gap semi conductors such as SiC or GaP. 

d. Some thermal lagging and heat sinks. 


P A GE 2 O F L 


8. TECHNICAL PROBLEMS: 

Thermal lagging and heat sinking will restrict operation to short periods of time and would 
cause a severe weight penalty. 


9. POTENTML ALTERNATIVES: 
Unknown 


10 . PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
a. USAFGRL investigating SiC devices 

b* USAF Rome Air Development Center is publishing MIL Handbook 217B on high temperature 
acceleration. 


EXPECTED UNPERTURBED LEVEL _£ 


11. RELATED TECHNOLOGY REQUIREMENTS: 
Entry probe, Pioneer Series, see Item C~9, 5, 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TEC HNOLOOY REQUIREM ENT (TITLE) ; . 


NO. n,i 


PAGE 3 OP 




12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

Analysis/Designs 

2 ^ Breadboards 

.> Testing 

^ Life Testing 

Engineering Model 
6. Testing 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (PL. D) 

3. Integration into 
Spacecraft & Testing 

4. . 


i;J. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 

,1. Discussion between H. Hendricks» Langley Research Center, and P. R. Fagan, Rockwell 
Internationa!, November 18, 1974. 

2. Letter from R. B, Campbell, Westinghouse Electric Corp., to H. Ikerd, GDCA, 
December 10, 1974. 

3. Discussion between J. Pletnondon, Jet Propulsion Laboratory, and P. R. Fagan, 
Rockwell International, January 20, 1975. 

4. Discussion between W, Marco, Jet Propulsion Laboratory, and P. R. Fagan, Rockwell 
International, February 3, 1975, 

5. Preliminary Study of the Feasibility of a Venus Lander, Memorandum from Westinghouse 
Electric Corp. to NASA-GSFC, May 3/ 19^0. 

6. Feasibility of Hot Pressed Silicon Carbide as a Substrate for High Power Laser Mirrors,- 
Technical Memo, Westinghouse Astronuclear Laboratory, February 6, 1974. 



15. LEVEL OF STATE OF ART 

1. BASIC phenomena omERVED AND BErORTED. 

2. TIIEORV FOIPIUIATED TO DESCRIBE PHENOMENA, 

3. THEORY TESIXD BY PHYSICAI. EXPERIMENT 

OR JtATHEiMATICAL MODEL, 

4* ^iiKmENr. t'UNCTIpN Oil CtliUlACTEmSTIC DEMONSTRATE 
; E.G,, MATEIUAL, COMPOMHKTi ETCV \ 

■ ;.. 7-353 


5* COMPONENT On UnEADBOARD TESTED IN flELEVANT 
fiNVlKOmENTlN THE lARORAltJBY*.. 

6. MODEL tested IN AtRClUtT ENVrnoNMKNT, 

7. MODEL tested IN SPACE ENVIKONMENT* 

Bt NEW CAPA3UTilTV DERIVED FROM A MCCir LESSER 
OPERATIONAL MODEL. 

9, RELIABIUTY UPCIUDING OF AH OPERATIONAL MODEL. 
10, EKTENSION OF AN OrERATlbNAL MODEL,, 















r 


DKPINITION OF TECHNOLOGY REQUIREMENT 


I i. TECilNULOGY REQUIREMENT (TITI.E): 
He Cryostat Dewar 


j 2 TKCUNOLOGY CATEGORY: Cryogenic Control 

< )IUKC’TIVE / ADVANCEMENT REOTITRED! 1 . 6°K for one year 


NO. 12.1 
RAGE i OF 4 


I . V V KRENT tiTATK OF ART; 

Cryostafr mo de Is have been conslrucl'ed at MSFC. 

HAS BEEN CARRIED TO LEVEL 3 . 

f). UKSCtUPTKJN CJF TECHNOLOGY - Phase Change Systems 


Weight 

Life 

Temperature 

Load 

Dimensions 


(MSFC Definition 
for LHe Dewar) 

1G0-200 lb 
1 year 

1-50K 

30 milliwatts 
See Figure 1 


(HEAO-B Cosmic Ray Spectro- 
meter Cryostat Model Under 
Development) 

3300 1b* 

1 year 

4-5°K 

unknown 

72 in. dia, x 95 in, length 


*Not state-of-art and will, be reduced 

i 


P/L REQUIREMENTS BASED ON: □ PEE-A,[3 A, □ B,[I3 C/D 


(i, 

a. 


b. 


d. 


KATinNAlJ-; ANT) ANALYSIS: 

Summary and Rationale _ 

The cryostat dewar will be used to provide LHe at 1 .6°K to both the relativity gyroscope 
and telescope star tracker for a period of one year to confirm or deny various relativity 
theories. T.6®K LHe is required for the gyroscope experiment to eliminate cavitation 
type noise from higher temperature evaporation (HE II does not form bubbles during 
evaporation) and to ensure that the structural changes with temperature are minimized. 
LHe will be also used to cool the detectors of the telescope star tracker to lower 
internal noise and increase the S/N ratio. 

Relativity Satellite - LEO (Phy-2) DynamLcs 

Justification 

Advancement will contribute to sensing of precession to 10"2 arc-sec/year relative to 
the background star field. 

A number of dewars have been tested . Ball Brothers has tested a dewar of approximate 
size and life required, A mechanical model has been given a Thor-Deita shake test to 
determine if dewar concept can withstand rigors of high vibration launch. A thermal 
model will be tested at Ball Brothers within six months to define performance. Technolog 
has been essentially defined and no future state-of-the-art problems are anti cipated. 

The cryostat dewar used for the Gravity and Relativity Satellite will be acceptable based 
upon demonstrated capability of d lesser operational rrtode I > possibly on an Explorer 
mission in coniunction with relativity gyi^s'^ope lests. BE CARRIE LEVELS 
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DEFINITION OF TECHNOLOGY REQUIREMENT NOJU, 12.1 

1. TFCHNOLOGY REQUIREMENT (TITLEU PAGE 3 OP _±_ 

He Cryostat Dewar 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHl- DUIJO ITRM 

m 

IQ 

H 

BH 

m 

ii 

m 

M 

BB 

Q9 


M 

B3I 

m 

B 

■ 

Bl 


TKCHNOLUGY 
1. Options S ParatneCrlc 
Analysis 
L'. Design 

3 . Construct Models 

4 . Test Models 

I 5, Engineering Model/ 

1 Test 

1 

1 

1 

1 
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che 

« ' 

« 

eet 

dti 3 

Cor 
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e c 
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j ■ 

;tiT 

lehr 

■ppe 

.Uec 

Ole 

. ft 

'gy 

; V€ 

ndd 

nee 

ry 


rec 

ate 

ht. 

uii 

i * 

ed 

APPLICATION 

1 . Design (Ph. G) 

2 , Devl/Fab (Ph. D) 
3 Operations 

4 . 

1 



1 

1 

1 















!;>, USAGE SCHEDULE; 


TECHNOLOGY NEED DATE 

■ 

■ 

1 

1 

■ 

■ 

■ 

■ 

■ 

■ 

■ 

B 

B 

B 

I 

B 

B 


NUMBER OF LAUNCHES 

■ 

■ 

■ 

■ 

■ 

B 


■ 

a 

■ 

■ 

B 

B 

B 

i 

B 

B 

2 


14. REFERENCES: 

1 . P- J . Wrighf, Refrigeration Systems for Spacecraft, RCA Advanced Technology, 

Publication of RCA Advanced Technoiogy Laboratories, Camden, New Jersey, 1972 

2. Brecken ridge /^R. W. dnd Gabroh, F., Cryogenic Cooling for Spaceborne Experiments, 
Engineering Division, Arthur D. Little, Inc., Proceedings Cryogenic Workshop, MSFC, 
March 29-30, 1972 

3. Lipa, J. A., et al. Research at Stanford on the Containment of Ligpid Helium in S pace 
by a Porous Plug and a Long Hold-Time Dewar for the Gyro Relativity Experiment, 

W. W, Hansen Laboratories of Physics, Stanford University, Proceedings of Cryogenic 
Workshop, MSFC, March 29-30, 1972 

4. Technical discussions at MSFC between Dr. E. Urban, MSFC, and P. R, Fagan, 

Rockwell International, Obtober 17, 1974 

5. Letter from J. Lipa, Hansen Laboratories, Stanford U., to H. Ikerd, GDCA, Dec. 17, 197 

6. Letter from C. McCreight, NASA Ames to H. Ikerd, GDCA, December 31, 1974. 

7. Letter from R. S. Hunt, Garrett-Airresearch Manufacturing Co., to H. Ikerd, GDCA, 
January 6, 1975 

8. Letter from Dr, E. Urban, MSFC to H« Ikerd/ GDCA, January 7, 1975 

15. LEVEL OF STATE OF ART S, COMPOKEKT OIK BIlEADBOAnD THSTLD IN RELEVANT 

ENVIRONMENT IN THE LAHQRi^'l’ORy.. 

BASIC PHENOMENA OBSERVED AND REPORTED, 6, MODEL TESTED IN AIRCRAFT ENVIRONMENT. 

2 , theory FOIlMULrlTED TO DESCRIBE PHENOMENA,. 7 . MODEL TESTED IN SPACE ENVIRONMENT, 

3. THEOttY TLSl FD BY PHYSICAL EXPERIMENT B, NEW CAPA IJU.ITY DERIVED FROM A MUCI I LESSER 

OR MATHEM.ATtCAL MODEL. OPERATIONAL MODEL. 

NT FUNCTION on CIIAilACTERlSTlC demonstrated, 9* lUSLiAmLlTY UPGIWDINC OF AN OPERATIONAL MODEL, 
■V • : MATE1(IAL<. COMPONENT, ^ETC . , LtEETLME EXTENSION OF AN OPBRATIONAT.. MODEL.., 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. RI - 12, 2 


I i TECHNOLOGY REQUIREMENT (TITLE): RAGE 1 OF 6 

LHe Recycling Unit 

2 rROHNOT.OGY CATEGORY: Cryogenic Control 

(JBJMCTIVE/ ADVANCEMENT REQTITRED» Provide LHe refri.qerqHon machines to cool 


ayload items noted below. 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO,jiI_X2. 2 

1. technology REQUIRnMENT(TITLE): PAGE2 QF 6 

LHe Recycling Unit 

,• . TECHNOLOGY OPTIONS: “ 

Two Brayton cycles aad various otters stoold be investigated; they are; 

1. Reciprocating Reverse Brayton Cycle 

2. Rotary Reverse Brayton Cycle 

3. Rotary Claude Cycle 

4. Dual Phased Recuperated Vuilleumeir Process 

5. Hybrid Systems - which combine mechanical refrigeration with other techniques 
such as dielectric cooling 


8. TECHNICAL PROBLEMS: 

a. In discussion with Arthur D, Little, Inc,, it was determined that primary technical problem: 
are in the area of fabrication of system items and no major problems are forseen. It can be 
seen from the scheduled availability of the ADL unit for life testing as of January T976, 
that the unit modified to the necessary cooling requirements va II not be available by the 
technology need '^ ite. The early payloads may be more suited to using the dewars 
currently under development until the technology is developed by WPAFB for cooling 
machines, 

■ h. Maintennnce o f close toleronces during operation 

9. POTENTlAi, ALTERNATIVES; 

Jt can be seen from Table 2 that a number of the payloads which are listed as dpsireble ta 
incorporate closed cycle systems are Shuttle sortie payloads of seven*^day duration. The 
weights of the refrigerators are estimated as: 

North American Phillips VM - 130 pounds 

Hughes VM - 180 pounds 

ADL Rotary Reciprocating - 300 pounds prior to modification for lower temperatures 

-r — — ^ — — ^ — - — - — ...... (c oB tinu e d - on pnop .5) 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

The ADL unit will be at the stage for initiating life testing about January 1976; however, 
the minimum temperature it will be capable of operating to will be 11 .5 K at 0,3 watts. 

No modification to lower temperature capabilities required for these payloads is planned. 


EXPECTED UNPERTURBED LEVEL 

11. RELATED TECHNOLOGY REQUIREMENTS; 

Use of closed cycle systems will require a source of high power. Related technology will 
be highly efficient ^large solar arrays, or focusing solar collectors capable of providing 
thermal power. 



DEFINITION OF TECHNOLOGY REQUIREMENT 

I . TECHNOX.OGY REQUIREMENT (TITLE) : : 

LHe Recyciing Unil ■ 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


Rl-12.2 
PAGE S'OF 


CALENDAR YEAR 


SCHEDULE ITEM 

75 

76 

77 

78 

79 

1 — " 
80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY | 

1. Engineering Model Desij 

2. Life Testing 

3. Development through 
development testing 

^ B 

5. 
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1 
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APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations AS-03 -A 

AS-07-A 
AS- 11 -A 

in. t ^ 




j 

1 

! 













4 


■J 

. 




















niz-uy-M ^ — — 


13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 



iT 














T 

OTAL 

NUMBER OF LAUNCHES 





1 

4 

5 

5 

8 


3 

2 

4 

3 

5 

4 

4 

[~52 


14. REFERENCES: 

1. Conversation between R. W. Breckenridge, Arthur D, Little, inc., and P. R. Fagan, 

Rockwell International, Inc.^ Nov* 27, 1974 

2. Conversation between J. Kirkpatrick, NASA-ARC, and P. R. Fagan, 

Rockwell International, Inc., Nov. 20, 1974 

Development of Rotary Reciprocating Cryogenic Refrigerator for Space Applications, 
R. W. Breckenridge, Jr., eta I, Arthur D, Little, Inc,, AFFDL-TR-72-88 

4. Letter from R, S, Hunt, Garrett-Airresearch Co., to H, Ikerd, GDCA, 

January 6> 19751 

5. Letter from J. Kirkpatrick, NASA-ARC, to H. Ikerd, GDCA, January 6, 1975. 

6. Letter from Dr. E. Urban, MSFC, to H, Ikerd, GDCA, January 5/ 1975. 

7. Letter from C. McCreight, NASA-ARC, to H. Ikerd, GDCA, January 7, 1975, 


15. LEVEL OF STATE OP ART 

1. Bi\SlC PHENOMENA OBSEUVED AND REPORTED. 

2. THEORY FblttlULATED TO DESCRIBE PlIEKOftiENA. 

3. THBOnv TBSl'ED BY PHYSICAL EXPEiUMENT 

OR MATHEMATICAL MODEL. 

4. PBlltiNENT FUNCTION OR CIIARACTE JUSTIC DEMONSTRATED, 
MATERIAL, COMPONENT, ETC* 


5* COMPONENT OR ERRADBOAnD TESTED IN RELEVANT 
ENVIRONMENT IN THE LARORAl'ORY. 

6. MODEL TESTED IN AIRCRAFT ENVIRONMENT* 

7. . MODEL TESTED IN SPACE EKlinONMENT. -I 
a* NEW CAPAiaiLlTY DERIVED FROM A MUCH LE^ER 
operational MODEL* 

9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10* LTFETLME EXTENSION OF AN OPERATIONAL MODEL, 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO. RT-12.^ 

i. TECHNOLOGY BEOmiEMENT (TITLE)! ■ , PAGE 4 OF 

LHe Recycling Unit 


Description of Technology (continued) 

The Hughes Vuilleumier (VM) cycle refrigerator is the furthest along in the development 
cycle and is best suited for near-term missions. However, its performance at low temperatures 
is relatively poor. Unattended operational life on the order of three years is problematic as 
the dry lubricated Hughes VM has not been able to demonstrate long life,,as yet. 

Hughes and North American Phillips are both developing VM cycles and the requirements to 
which they are working are to simultaneously produce: 

0.3 w at 11.5 K 
10 w at 33 K 
12 w at 75 K 

Additional requirements are to draw 2700 watts in the all electric mode and in the thermdl- 
eiectric mode draw 2600 w or less of thermal power and 500 watts of electric power. 

For missions beyond the near term, the Arthur D. Little (AD L) rotary reciprocating refrigerator 
offers the greatest potential . It is a positive displacement machine^ blit because of funding 
lags the VM in development cycle. The prototype Is in the fabrication cycle and complete 
refrigeration testing is expected about January 1976, The ADL deviLO tiie advantage of 
relatively high performance and long life, by virtue of hydrodynamic lubrication achieved by . 
the pistons rotary stroking motion. The ADL device is capable of simultaneotisly producmg 

'1.4wdtl2K 
40 w dt 60 K 

It can be seen from Table 2 fhdt the above minimum temperatures of the three noted companies 
are too high for detectors or superconducting magnets, although they are suitable for providing 
internal cooling to the I R telescopes. 

In discussions with R, W. Breckenridge, Arthur D. Little, Inc., he stated that the rotary 
reciprocating unit currently under development and noted above Is capable of one Wdtt load 
at 3.6 K dt a required input power of 1300 watts. Further extrapolation to 2.5’K will result 
in o requirement for about 1900 watts for a one waft load. This capabili ty could be achieved 
through the addition of another Joule-Thompson loop which will require onothdr Stage 
compressor and heat exchanger. 


VM cycles cannot be operated at temperatures on the order of those required for detectors 
listed in Table 2. 





DEFINITION OP TECHNOLOGY REQUIREMENT 


NO. m-iz.z 


1 . TECHNOLOGY REQUIREMENT (TITLE): PAGE 5 OP ^ 


LHe Recycling Unit 



5. DescripKon of Technology (continued) 


The potential availability of an LHe cryogenic machine can be tempered somewhat by: 

1 . As yet no complete miniature He refrigerator (or liquifier has demonstrated the 
capability for providing useful refrigeration at any temperature under 10 K. 

2. The longest endurance run that has been conducted to date on a cryogenic 
refrigerator (Vuilleumier device operating at 80 K) is slightly in excess of 5000 
hours. Demonslrating the capability of operating for periods in excess of one 

year may prove to be a practical impossibility due to outgassing or the accumulation 
of wear products irrespective of quantities involved. 

3. No tests have been done to confirm the possibility that an LHe cryogenic 
machine can withstand the launch and space vehicle environmental conditions. 

9. Potential Alternatives (continued) 

Additionally the machine will require a power Input on the order of two to three thousand watts. 
At least for short term Shuttle sortie missions of 7 days it appears feasible to consider open cycle 
phase change dewars. The advantages are no or little power requirements and probable operation 
within the weights defined above. A prototype dewar is presently being prepared for thermal 
testing at Ball Brothers. It was designed for one year operation at 30 milliwatt heat leak and 
weight of 200 pounds. The dewar will cool the relativity gyroscope to 1.6 K. (See Ri,. 12.1) 





Table 2. 


PATLOAD NAME 

AS-034>A COSMIC BACKGROUND EXPLORER 

AS-0^"A 3-M AMBIENT TEMP; IR TELESCOPE 

AS-ll^A 1.5“M IR TELESCOPE 

HE-09-;tA large high-energy observatory b 

4S-01-S i-M COOLED IR TELESCOPE 

AS-14-S 1-M TMCOOLED IR TELESCOPE 

AS-15- S , 3-M AMB lENT TEMP : IR TELES COPE 

AS-20-S 2.5-M CRYO COOLED IR TELESCOPE 

HE-15-S MAGNETIC SPECTROMETER 



DEFIwmON OP TECHNOLOGY REQUIREMENT yro. RT-12. 



DKFiNITIcm OF TECHNOLOGY REQUIREMENT MO, Rl/ 13.1 

1 . TECllNtJLOGY REQUIREMENT (TITI-E): PAGE 1 OF 

Solar Electric Propulsion 


i 2 I’KOHNOLOGY CATEGORY: Guidancej. Navigation, & Control 

! a. OliJKC'TIVE /ADVANCEMENT REQUIRED; Control of low thrust, accelerating 
planetary flights 


1 . tH) ItRKi’JT STATE O F A RT; .■ Jslh hrendboarde have been developed, 

_ analysis of req uire ments only. 

' HAS BEEN CARRIED TO LEVEL 3 

5. DESCRIPTION OF TECHNOLOGY 

Traditional GN&C methods associated with coasting systems use a son~canopus reference 
I system. 

I 

Solar electric propulsion systems must steer a thrust vector and will probably use a stellar aided 
inertial attitude determination system. The major requirements for the system are; 
Communications link *■ probably the Deep Space Network,. DSN 
Large field of view digital sun sensor - off-the-shelf item 
Star trackers - CCD's not available, image dissectors available 
Gyro package - Lasers not available, gas bearing gyro available 
Software - must be modified to compute thrust vectors 


P/1. REQUIREMENTS BASED ON: □ PRE-A.U A,0 B,D C/D 

(i rationale and ANALYSIS: 

Q. Solar electric propulsion systems have higher specific impulse than conventional 
chemical propulsion systems. The requirements for GNSfc are determined by SEP 
performance and mission parameters, 

b. PL-09A - Mercury Orbiter 
PL-16A - Ganymede Orbiter/Lander 
PL-18A - Encke Rendezvous 
PL-20A - Asteroid Rendezvous 

c. GN&C system required to assure orbital precision 

d. Software simulation and environmental testing required, including technology 
demonstration flight. 


TO EE CARRIED TO LEVEL 7 _ 





DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. Rl, 13.1 


TKCIINOLOGY HEQUIREMENT(TITLE): 
Solar Electric Propulsion 


PAGE 2 OF 3 


7. TKCJiNOLOGY OPTIONSt 
Item 

Loser gyro 
CCD star tracker 


Option - Availabis Technology 

Conventional gyro with high MTBF such as Minuteman 
missile spherical gas bearing gyro 

Image dissector star tracker made by Ball Bros. 


ti. TECHNICAL PROBLEMS: 

The laser gyro and CCD star trackers are emerging technology. The laser gyro is under 
development by MSFC; the breadboards have been constructed - technology not ready. 
CCD star trackers under development by companies such as Fairchild, not yet proven. 

New DSN guidance software algorithms will be required to compute optimum thrust vector 
pointing angles as a function of time. 

Tradeoffs required between ground and on~board processing and control. 


a . POT ENTIA ! , A I ,TE UNATIVES : 


Unknown 


1 0. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
Items in 7 (above) under development for military applications - status unknown 


EXPECTED UNPERTURBED LEVEL 


I I ItELATED TECHNOl.OGY REQUIREMENTS: 
See R! T4.1 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. R!, 13.1 


I . TEC HNOLOGY REQUIREM ENT (TITLE) : . 
Solar Electric Propulsion 


PAGE 3 OF 3 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDUi,E ITEM 


TECHNOLOGY 
I • Laser gyro 

2 . CCD star Tracker 

3. Software 

4. Breadboards/Testing* 

5 ^ Engineering Model/ 
Testing* 


APPLICATION 

1. Design (Ph, C’) 

2. Devl/Fab (Ph. D) 
:L Operations 

4. 
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);j. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 




1 


TOTAL 


1 


8 


14. REFERENCES: 

1. Discussion among Jim Cake and Bruce LeRoy, Lewis Research Center^ and P. R, Fagan, 

Rockwell International, Nov. 18, 1974. . 

2. Letter from T. N. Edelbaum, and J. J. Deyst, Jr., Charles Stark Draper Laboratory, Inc* J 
to H. Ikerd, GDCA, December 18, 1974. 


15. LEVEL OF STATE OF ART 


1. BASIC PHENOME.NA OBSERVED AND HErORTBD. 

2. THEORY TOHSIULATED TO DESCJUBE PHENOMENA. 

3. THEORY TESTED BY PHYStCAl, EXPERIMENT 

OR matuem.\tical model, 

4. PiiimNENT FUWCTIOM OR CHARACTERISTIC DEMONSTRATED. 

E,G*. ftlATERlAL, COMPOMHNT. ETC, 


6. COM3>ONENT on BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN TRE LABORATORY, 
a, MODEL TESTED IN AlRGRAirr ENVIRONMENT- 

7, model TESTED IN S«.\CE ENVIRONMENT. 

a. NEW CAPABILITY DERIVED PROM A MUCH LESSER 
bPERAllONALMODEL, 

9, reliability upgrading of an operational model. 
10, lifetime extension of an oi*lration al mouel,^ 
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DKI'INITION OF TECHNOLOGY REQUIREMENT 


13.2 


TBCHN(JLOGY REQUIREMENT (TITLE); Structures/Mechanlsm page 1 OF^ 


i TKCHNOI.OOY CATKCORY: Guidance, Navigation & Control 

:j. nj5,JKC’TIVE/ ADVANCEMENT REQT!TRF.D» Docking in a Mars orbit 


: 1 


CURRENT UTATE OF ART: Studies and analysis to define mission. Bread- 
board of potential rendezvous systems have been constructed. These are 




applicable to Mars mission. 


HAS BEEN CARRIED TO LEVEL 3 


. DESCRIRTKJN (JF TECHNOLOGY 

Five mission sequences which support orbital rendezvous have not been per- 
formed under conditions anticipated for the Mars Surface Sample Return (MSSR) 
mission; they are: 

1. Ascent of the Mars Ascent Vehicle (MAV) from the surface to the 
rendezvous orbit. 

2. Initial rendezvous, in which earth based control moves the orbiter 
to the MAV orbit. 

3 . Terminal rendezvous during which the arbiter closes on the MAV under 
control of an orbiter rendezvous radar. 

4. Docking during which the orbiter & MAV couple , and 

5 . Sample transfer to the earth return vehicle . 

(continued on page 4) 

P/L REQUIREMENTS BASED ON; 13 PRE-A,Q A,0 B,Q C/D 


RATH )N ALE AND ANALYSIS: 

a) A Mars Surface Sample Return science workshop was conducted NASA Head- 
quarters on June 11 and 12, 1974, at which the Mars orbital rendezvous mode! 
was endorsed as the favored approach from the standpoint of controlling back[ 
contamination . 

b) PL-Ol-A, Mars Surface Sample Return 

c) Rendezvous rather than direct return from a Mars lander requires less 

cost and weight for Mars ascent and Mars entry vehicles, and permits an increase 
in size of science sample. 

d) Software-Laboratory simulation - 7 
-Components-space environment test-S 

Systems/Subsystems-Space environment test & simulation-7 


^RECEDING PAGE BLANX NOT HLMED 
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(see d above) 
TO BE CARRIED TO LEVEL ^ 


DEFINITION OF TECHNOLOGY REQUIPU3MENT NO. W, 13*2 

1 . TECHNOLOGY RliQUIHEMENT(TITLE): .. PAGE 2 OF _5 

Structure/Mechanisms . • - - ~ 

7. TECHNOLOGY OPTIONS: 

a. A number of rendezvous radars have been devel oped. The mosf favored appears to be a 
MSFC sponsored laser radar which Is in its third generation breadboard at ITT# The Nd:YAO 
being developed by WPAFB could be adapted to the rendezvous laser radar with technology 
transfer and make higher power available. 

b. An alternate approach not requiring rendezvous and docking is described in (9) below. 


». TECHNICAL PROBLEMS: 

a. Orbit determination in the presence of an anomalous Mars gravity field. Fiejd has been 
partially mapped by Mariner 9 orbifer but does not allow accurate state prediction for 
Mars Surface Sample Return type orbits. 

b. Software requirements, see C 19. 1 


f). POTENTIAL ALTERNATIVES: 

Reference 2 states that launching the Mars Surface Sample and an integrated orbi ter and earth 
return vehicle into Mars orbit is simpler and more reliable than launching the sample into Orbit: 
for subsequent transfer to the Mars orbifer integrated as an earth return vehicle, as required for 
Mars orbiter rendezvous modes, 

(continued on page 5) 


10 . PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 
No current hardware developments, studies only. . 

Technology transfer of most items from Viking lander and Orbiter programs possible. 


E XPECTED UNPERTURBED LEVBL;^ 

11. IIELATED TECHNOLOGY REQUIREMENTSj 
a. Radar/laser designs 

h. Software prbgrdms 
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DEFINITION OF TECHNOLOGY REQUIREMENT NO, Rl, 13.2 

1. TECHNOLOGY REQUIREMENT (TITLE); _ . PAGE 3 OF 

Structure/mechanisms 

12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 

SCHEDULE ITEM 

75 

76 

77 i 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

SO 

91 



TECHNOLOGY 
1 , Analysis & Require- 
ments 

a . Breadboards /Testing- 

3 , Engineering Model/ 
Testing 

4e 

5. 
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APPLICATION 

1. Design (Ph, C) 

2. Devl/Fab (Pb. D) 
a. Operations 

4. 






. 

. ! 

1 









. 



13. USAGE SCHEDULE; 

TECHNOLOGY NEED DATE 






1 

h 










I 

■pTAL 

NUMBEE OF LAUNCHES 







L 


1 









1 


14. REFERENCES; 

1 . A Feasibilify Study of Unmanned Rendezvous and Docking In Mars Orbit, Final Report, 
Vol. I and ll, Martin Marietta Corp,, JPL 953746, S^tember 1974. 

2. Mars Sample Retura tiirough orbit, W. Ij. weaver & W. X, Darnell, IiaRG, 

and H. N. Norton & L. D. Jaffe, JPL, Aeronautics & Astronautics, Jan. 1975. 

3. Technlcq] discussion between W. L, Weaver, Langley Research Center, and P. R. Fagan 
Rockwell International, November 7, 1974. 

4. Automated Mars Surface SdiTjple Return (MSSR) Mission Concepts for Achievement of 
Essential Scientific Objectives, W. L. Weaver, LaRC, and H, N. Norton and W, L, 
Dqmen, Jet Propulsion Laboratory. 

5. Letter from W, T. Scofield, Martin' Marietta Aerospace, to H. Ikerd, GDCA, 

December 11, 1974. 


15, LE VEL OP STATE OF ART =• comvonent cm xmEADBOARD tested in helevant 

ENVIRONMENT W THE UAnORAlORY, 

;1> BASIC ?HKNOML%NA OBSEliVl2D ANfl3lEK>RTE^^^ g, MODEL TBSlxb III AlHCRAiT EM VIBONMKNT, 

2. TIIEORV raiUilULATED TO DESCRIBE PHENOMENA. 7 . MODEL TESTED IN SPACE ENVflROSMENT. 

. 3* TOEORY TESTED BY PHYSICAL EXPERIMENT 8* NEW CAFAHIUTY DERIVED FROM A MUCH LESSER 

OH &1ATHEM.ATICAL MODEL, OPERATIONAL MODEL, 

4, PERTINENT FUNCTION OR. CHARACTERISTIC DEMONSTRATED, .8. RELIABILITY tlPORAOING OF AM OPERATIONAL MODEL. 

E*G.yMAT£IUAL, Cpft^ ; 10^ LIFE TIME EkTENSiON dr Mi OPERATIONATV MODEL.., •: . 
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DEFINITION OP TECHNOLOGY REQUIREMENT 


1 . TECHNOLOGY REQUIREMENT (TITLE): . 
Structures/Mechanism 

PAGE 40F 5 




5, Description of Technolog/ - continued 


The mission as presently defined in Reference 1, requires that the MAV achieve an orbit within 
predictable tolerances after launch from a remotely pointed platform. 

Earth^based tracking with orientation sensed by the lander inertial reference determines the 
position of the lander on Mars before launch. 

The first stage is controlled with a simple open-loop rate gyro guidance system. 

The earth is established as a pointing reference using Earth tracking and command links. The 
other reference is the sun, as detected by MAV sun sensors. 

By means of Earth calculated commands the two vehicles are pointed at each other and the 
orbiter radar locks bn the AAAV transponder. 

The orbiter executes a closing maneuver when the MAV is within a reasonable slant range 
using^ retrothrusting burns. This closing control is provided by range rate versus range 
relationships built into the orbiting computer. 

Docking begins when the orbiter and MAV are at close range. The orbiter goes into three axis 
control. 


The pointing accuracy of the orbiter rendezvous radar and MAV transponder must hold line of 
sight pointing to within +0,5 deg. of vehicle axis. A docking cone is used for sample 
transfer. 




DEFimTION OF TECHNOLOGY REQUIREMENT 


NO.R I, 13.2 


1 . TECHNOLOGY REQUIREMENT (TITLE) : STRUCTURES/MECHANISM . PAGE 5 OF ^ 5 . 


Potential Alternatives (Continued) 

The entire entry and landing sequence is automatic. The entry program is 
received from Earth prior to entry, and a computer in the Earth Return vehicle 
(ERV) issues the required commands. 

‘ A two-way communication link with the Mars Lander Module (MLM) will allow 
Earth-controllers to receive surface environment data and to command the go-ahead 
for the sample-acquisition sequence, which will be totally automated The 
Viking-type sampler boom and scoop will proceed to sample at a time designated 
in the cotimand, and sensors will indicate discrete sampling actions. Launching 
the sample and integrated orbiter/ERV into orbit is simpler and more reliable 
than launching the sample into orbit for subsequent transfer to the orbiter/ERV 
which is required with the Mars Orbital Rendezvous (MOR) modes The Mars ascent 
vehicle (MAV) which will launch the ERV to orbit has a two-stage solid propellant 
propulsion system; the first stage is 3-axis stabilized by means of a guidance 
package whereas the second stage is spin-stabilized. The second stage is aligned 
and spun up by the attitude control system on the first stage just prior to orbit 
insertion. Essentially all velocity losses are sustained during first stage 
thrusting, and the second stage thrusts horizontally for insertion. The ascent 
program is received from Earth before launch, and the computer on the ERV controls 
all operations. 

The ERV establishes two-way communications with Earth after MAV separation. 

The ERV is designed to function for a year as a Mars orbiter and then return the 
sample to earth. 

The potential disadvantages of this direct return mission alternative includes the following: 

1 » Controlling the contamination of the return spacecraft by possible Mars 
biota is more difficult; 

2. Significantly heavier Mars lander and ascent vehicles are required; 

3, Getting into an orbit at Mars from which an accurate Earth return trajectory 
can be initiated approaches the complexity of the rendezvous. 







DEFINITION OF TECHNOI.OGY REQUIREMENT 


Rl> 14» 1 


PAGE 1 OF 


1 . TECHNOLOGY REQUIREMENT (TITLE): PAGE 1 

rimary S olar Electric Propglsion 

1 . TECHNOIX)GY CATEGORY: Propulsion 

. O I IJ KC TIVE/ ADVANCEMENT REQUIRED: 10> 000 Operational Life 


4 . C' U R REN T STA TK O F A RT : Two Hirusfcer engineering models have been 

made and are undergoing testing. Power processor units are breadboarded 


f testine^ HAS BEEN CARRIED TO LEVEL 


5. DESCUrPTION OF TECHNOLOGY 

Thruster Technology 

Two engineering models of 30 cm diameter thrusters have been built; 
they are: 

EMT #701 - Calibration & endurance testing (on-going) 

EMT #702 - Structural qualification testing (completed October 1974). 
The 700-series design has been improved to incluS.e a two point gimbal 
interface; this resulted in the 800-series. Modifications to reduce dis- 
charge chamber sputter erosion will result in a 900-series design. 

Requirements State of Art 

Application Defined by Lewis Re- Results of testing 

search Center EMT #701 &EMT702 

Type Mercury Ion Mercury Ion 

Specific Impulse 3000 Sec ^9^ 1 — 1 ^/^,. 

Sont. -pg. 41 P/L REQUIREMENTS BASED ON: g] PRE-A, n A,D B,0 C/p 

6 . PxA TIONA I, E ANP ANALYSIS: 

a) Requirements defined for planetary missions 

b) PL-18A Encfce Rendezvous (PL-26) 

PL- 09 A Mercury Orbiter (PL-13) 

PL-20A Asteroid Rendezvous (PL-28) 

PL-I 6 A Ganymede Orbiter /Lander (PL-23) 

c) I of 3000 is result of optimizing thrust for available poii?er. 


d) Space testing of operational prototype. 




hlmed 


TO BE CARRIED TO LEVEL\^ 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. 14,1 

1 . TECHNOLOGY REQUDIEMENTITITLEI: 

PAGE 2 OF J, 

Primary Solar Electric Propulsion 



7 . TKC HNOLOGY OI^TIONS; 

The principal option is in the selection of power processor unit (PPU) 
switching device (transistor or SCR). The transistor PPU provides higher 
efficiency, fewer parts and lighter weight. The SCR provides higher power 
per inverter. A secondary option is the PPU packaging concept; louver, 
heat pipes or a combination of both. 


a. TECHNICAL PROBLEMS: 

1. Long term internal erosion (sputtering) of thruster #701 shows a life 
of about 7000 hours. Analysis and accelerated tests shows that 20, 000 
hours can be attained using the modifications planned for the 900-series 
design. 

(continued on page 5) 


POTENTIAL ALTERNATIVES; 

Xenon and Argon propellants can be used in the present thrusters with a feed 
system modification. However, penalties are incurred in the thruster, PPU 
and propellant storage. Cesium thrusters are not available at the 30 mlb 
thrust level. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

1. Operational prototype design/construction to be initiated middle 1975 (Lewii 
Research Center) 

2« MSFC feasibility investigation 


EXPECTED UNPERTURBED LEVEL 4 


11. RELATED TECHNOLOGY REQUIREMENTS; 


Unknown 



DEFINITION OF TECHNOLOGY EEQUIREMENT 


NO.RI, 14.1 


1. TECHNOLOGY REQUIREMENT (TITLE) PAGE 3 OF 

Primary Sola.r Electric Propalsion 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR "XEAR 

SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 



TECHNOLOGY 

1. Engineering Model 
tests 

2. Design Operational 
Prototype 

3. Build Operational 
Prototype 

4. Space Test Operation- 
al Prototype 

5. 

— 

— 

(oi 

g< 

)inc 

0 

' 









- 






APPLICATION 

1. Design (Ph, C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4. 
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13. USAGE SCHEDULE; 

TECHNOLOGY NEED DATE 




1 

r 












I 

’OTAL 

NUMBER OF LAUNCHES 







2 





2 

2 



1 

1 

8 

T Technology Need Date 
REFERENCES 

1 . Extended Definition F( 
International Corporal 
2 . Technical Discussion, 
Center, Novembers, 

3 . Status of 30 cm Merci 
Research Center and I 
California , NASA TM : 

4 . Solar Electric Propuls; 
Jet Propulsion Laborat 

5. Ion Propulsion Flight ; 
J. H. Molitor, Hughe 
to MAA/SAE Propuisioi 

15. LEVEL OF STATE OI 

1* BASIC PHENOMENA OBSERVED / 
2* TilEORY POimClJlTED TO DESC 

3. theory tested by physical 

DR ' ilEMATlCAL iMODEL. 

4. pertinent function or chai 

B.G.* MATERIAL, CQMFO^JE^ 

sas 
ion 
s w 
197 
try 
i. ] 

K-7 

LOn 
ory 
Exp 
s R( 
n C 

’ Ai 
n 

lUBE 

3XPE 

lAcn 
IT, E' 

ibility Study for Electric Propulsion Stage , Rockwell 
, SD73-SA-0132. 

ith Dave Byers and Bruce Banks > Lewis Research 
'4. 

Ion Thruster Development, J.S. Soney, Lewis 
■. King, Hughes Research Laboratories, Malibu, 

1603. 

Thrust Subsystem Development, T. D. Masek, 

, Technical Report 32-1579 , March 15, 1973 . 
erience. Life Tests , and Reliability. Estimates , 
ssearch Laboratories , Malibu, California, Presented 
onference, November 5-7, 1973. 

(Cont'd. on page 5) 

^rj% : : S. COMPONENTOR BREADEOARD tested IN RELEVANT 

environment IN THE LARORAIYIR’Y* 

EPORTED. 6* MODEL TESTED IN AtRCRAFT environment* 

PHENOMENA. 7* MODEL TESTED IN SPACE ENVIRONMENT, 

RtMENT B. NEW CAPABILITY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL, 

2RISTIC demonstrated, 9, EE LLAHLITV UPGRADING OF. AK OPERATIONAL MODEL. , 

rc, 10. lIFETOIB EXTENSION OF AN Ol'ERATlONAL MODEL. 
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definition of technology requirement 

NO. - RI. 14.1 

1 technology requirement mTLE^ : 

. PAGE 4 OF 5, 

Primary Solar Electric Propulsion 



_ . [ 

5. DESCRIPTION OF TECHNOLOGY - continued 



Requirements 

State of Art 

Efficiency at full thrust 

72% 

71.6% 

Input power 

2630 watfs 

2630 watts 

Throttle range 

2:1 min 
5:1 goal 

5:1 demonstrated 

Ufetime 

10^^000 hours over entire 
range of environmental 
constraint of near earth 
and planetary conditions? 
zero to two suns, and 
Shuttle and Titan-Centaur 
environmental envelope. 

7500 hours have been 
demonstrated. 
Qualification testing on 
Titan-Centaur and Shuttle 
vibration envelope. 
Thermal tested over range 
of zero to two suns. 

Power Processor Technology 
Efficiency 

92% efficiency at full 
thrust and full input power. 

1. SCR switch, thermal- 
vacuum breadboard 
developed by TRW is under 
test. This system has 
demonstrated 84% 
efficiency and weighs 100 
lb. A follow-on bread- 
board has demonstrated 
91% efficiency but pro- 
fected TVBB weight is 
125 lb. 



2. Transistor switch, 
thermal vacuum breadboarc 
(TVBB) built by Hughes to 
be delivered January '75. 
Pro|ected efficiency is 
91% +1% and weight is 
52 lb.“ 

Weight 

50 pounds 


Thermal-vibration specifications 

Same as thruster 


Li fe 

10,000 hours 


Reliability 

0.96 


Power Input 

<3 lew , . , -1 

(continued on page oj 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. Rl. 14.1 

1 TROfmOLOGYREQUIREMENT fTITLE)j 

Primary Solar Electric Propulsion 

, PAGE 50F^ 


_ 


5. DescripHon of Technology - continued 

Requirements State of Art 


Input voltage 2:1 voltage swing 2:1 

Note: Assessment of two state-of-the-art power processors required before future decisions 
can be made. Approximately first quarter 1975, 

8, Technical Problems - continued 

2. Ion beam focusing at the end of life (unknown at this time) 

3. Reduction of neutral Hg atoms and double ions (not required to meet life or efficiency 
goals), 

4. Power processor efficiency, electromagnetic interference, and thermal control. 

5. Thruster/power processor switching. 

6. Power processor bus line ripples <T 1% under all conditions, without excessive weight 
penalties. 

14, References - continued 

6. Thruster and power processor design and test reports, Hughes Research Laboratories, 
1969-1974. 

7. Letter from J. H. Molitor, Hughes Research Laboratories, to H. Ikerd, GDCA, 
January 20, 1975. 

8„ Letter from R, M, Worlock, Electro-Optical Systems, to H, Ikerd, GDCA, 

December 18, 1974. 
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DKI'INITION OF TECHNOLOGY REQUIREMENT 


NO, ■■ R{, 14. 2 


I . TEC llNt >1,00 Y REt^UIREMENT (TITLE): 
Auxiliary Ion Propulsion Thruster 


PAGE 1 OF _4_ 


']'KtUiN01,lK'i Y CATEGORY: Propulsion 


un.jECTlVE/ ADVANCEMENT RF.OTTTHEn- 20,000 hour operational life and 10^ OOP 
cyl es restart- capability 


1, CDHREN'l’ STATl, OR ART: Basic Hg t'^'schnology feasibility has been demonstrated on 

SE RT I ond IL Hg thr uster ground test has excs’ieded 9.000 hours and is conHnuina. 

' Icontinued on page 4) HAS BEEN CARRIED TO LEVEL 


5. DESCUll'TlON OF TECHNOLOGY 

Both mercury and cesium ton thrusters are designed for north/south stationkeeping for 
synchronous satellite. The mainline technology for auxiliary ion propulsion systems is 
presently based on an 8 cm mercury electron bombardment ion thruster. This thruster 
provides a nominal thrust of 1 mib (with a thrust range capability of 0.5 to 2.0 mlb) at a 
specific impulse of 2950 seconds. Total propulsion system dry weight including thruster/ 
gimbal assembly, propellant reservoir, and power processor unit is projected to be 22 pounds. 
The cesium thruster is also 8 cm dia and capable of I mlb thrust. Dry weight is 25 Ib without 
cesium and cesium reservoir. Much smaller cesium units of 20 x 10"6 |b thrust were demon- 
strated on ATS-4 and ATS-5, and they used a bimetal closeable valve which opened and 
closed as a function of temperature change. The tests on the ATS-6 required a much higher 
flow rate than the bimetal valve could accommodate, and the valve was replaced with a ofie- 
shot valve as it was believed that surface tension during cool-down would negate the possibili 
of liquid creep. Liquid migration apparently did occur under cool-down and as a consequenc^ 
the engines would not restart. Table 1 , page 4 compares mercury and cesium thruster 
pr- . ’meters. (continued on page 4) 

P/L REQUIREMENTS BASED ON; nPRE-A,!^ C/D 


/ 


a. 


b. 

c. 


d. 


i!ATH >NAl,F AND ANALYSIS; 

Long-life, high specific impulse stationkeeping thrusters are required for geosynchronous 
communications satellites. 

CN-51-A International Communications Satellite 

Cesium and mercury bombardment engines are high specific impulse devices. Mercury 
is baseline. 

Space testing of operational prototype required. 


mCEDlNa PAGE blank NOT HLMED 


TO BE CARRIED TO LEVEL 
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11. RKLATED TECHNOLOGY REQUIHEMENTS: 

Power processor unil electronics - silicon control rectifiers are viable alternatives to 
transistors. 


7-382 









DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TECHNOLOGY REQUIREM ENT (TITLE) ; . 
Auxiliary Ion Propulsion System 


PAGE 3 OP 4 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1 . on-going thruster life tes 

2. Cycling test on BB syst. 

3. Engineering mode! syst. 

0 , Development 

b. Quo! testing 

c. Cycling life test 


; APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 


l;]. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 




,nnot be 
gy caiinoi: 
lens nin:.ma! 
& 1 ) , 



2 3 2 2 


2 3 2 



14. REFERENCES: 

1. Discussion betv/een Dr. R. Hunter, GSFC, and P. R. Fagan, Rockwell International, 
November 13, 1974 

2. Discussion among Banks and D. Byers, Lewis R.C., and P. R. Fagan, RockwelF 
International, November 8, 1974 

3. Letter from J. Molitor, Hughes Research Laboratories to H. lka*d, GDCA, 30 Jan. 1975 

4. Letter from B, Banks, Lewis R.C. to H. Ikerd, GDCA, January 10, 1975 

5 . Letter from R. Worfock, Electro" Optica I Systems to H, Ikerd, GDCA, December 18, 1974 

6. Letter from Dr. R. Hunter, GSFCy to H. Ikerd, GDCA, January 2, 1975 


15. LEVEL OF STATE OP ART 


1. MSIC PHENOMENA ODSERVUn ASH REPOnTED. 

2. THEORY FOIIMUHVTED TO DESCRIBE PHENOMENA. 

3. THEORY TFSl'ED DY PtresrCAL experiment 

OR MATHE.M.ATICAL MODEI.. 

4. PiiHmiiiNT FUNcrroN on chahacteristic demonstrated, 

. R . G . 4 MATERIAL* . GOMPO.VENT* . ETC 


G. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT m THE. LABORATORY, 

G,- MODEL TESTED IN AmcnABT ENmONMENT. 

7, MODEL TESTED IN SPACE ENVIRONMENT. 

8, NEW CAPABILITY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL, 

9, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10* LlEETmE EXTENSION. OP AN OPERATIONAL MODEL. • 


























DEFINITION OF TECHNOLOGY HEQUIKEMENT 

NO, 14.2 

1. 

TECHNOLOGY REQUIREMENT (TITLE) : 

PAGE 4 OF 4 


Auxiliary Ion Propulsion Thruster 





4. 

Current State of Art - continued 



Two Hg thrusters were tested on SERTS II, operating 2175 hours and 3889 hour? respective 
One thruster is currently operational after 207 restarts. Two cesiurn thrusters were tested on 
ATS-6, both units failed to restart. 


5, Description of Technology - continued 

Table!. 



Mercury 

Cesium 

Diameter, cm 

8 

8 

Thrust, mib 

1 

1 

Dry system weight without propellant and 
propellant tank, lb 

19.5 

25 

Ground test demonstrated life, hours/cycles 

9130/277 

2600/433 

!spr sec 

2900 

2500 

input power, watts 

150 

150 

Vector angle capability (dual axis), degrees 

10 

3 


A mercur/ thruster engineering model level development isscheduled for completion by the end 
of 1975. Basic requirements for this system are 20,000 hours life (cumulative hours of thruster 
operation) over a ten-year stationkeeping mission, 10,000 on-off operational cycles, and thrust 
vector control over +10 deg. in any azimuthal angle. 

Current efforts on the cesium thruster at GSFC are to develop thd required valve, and to continue 
life testing on the ground. Their is no funding visibility on the cesium thruster. 

8. Technical Problems - continued 

b. Argon - propellant tankage, complexity and handling make argon less attractive than 
mercury. 





DEFINITION OF TECHNOLOGY REQUIREMENT NO. qr is.i 


1 . TECHNOLOGY REQUIREMENT (TITLE) : Tracker/Field Monitor PAGE 1 OF 4 

Assembly 

2. TECHNOLOGY CATEGORY; Attitude Control/Measurement 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: Provide improved locatton and Ldent.Lfiea» - 
tion of guide field as well as increased sensitivity, tracking accuracy. Tracking error 

limited to 0. 1 arc sec with m,, = 12 stars. 

4. CURRENT STATE OF ART; Typically; Accuracy approjcimately 10 arc sec and 

sensitivity = 6 stars. 

See; JPL Stellar System (Reference 3) HAS BEEN CARRIED TO LEV EL 3 

5. DESCRIPTION OF TECHNOLOGY 
Improvement in Star Tracking to Provide 

- Tracking error s^nal output 0. 1 to 0.3 arc sec. 

- Pointing System Stability Rate 0,006 ARC SEG/SEC (PK. TO PK.) 

- Sufficient Sensitivity to track my = 12 stars. 

Prime Approach: 

Sensing of stars located in a direction within a fraction of a degree 

(proposed 0,25°) of primary telescope pointing direction. Two stars in 

single F.O.V. required for 3 - axis pointing. Position resolution of all 
uiy = 12 stars within 0.. 5“ field of view is needed to correlate guided telescope 
AlterS^te'^|Ppr'S!Sf"'=® 

Using 2 Star-Trackers pointed towards 2 guide stars separated by an angle 
excluding the F.O.V. capability of a single tracker. Errors will include 
measurement of single difference between trackers xvith telescope. 

(eont'd on page 3) 

P/L REQUIREMENTS BASED ON; ^PRE-A,D A, □ B,n C /D 

6. RATIONALE, AND ANALYSE: ^ ^ ^ 

(a) The advantage or referencing a star withxn a small fraction of a degree 

off the primary telescope axis is that the Star tracker can be rigidly 
mounted to the telescope body, eliminating (or at least minimizing) 

the problem of measuring the angles relating Star -Tracker axis and tele- 
scope axis* Tracking viewfield of Star -Tracker must be sufficiently 
large (/^0*5*^) to include at least two potential guide stars* Accuracy 
requirements are dictated by requirements of the primary telescope 
system. Sensitivity to Mv = 10 stars is necessary to assure high 
probability of a guide star within a small angle of telescope axis. 

(b) Approximately 18 payloads will benefit by this technology including 

seven Astronomy Sortie Payloads, three automated astronomy payloads, 
five high energy astrophysics sortie payloads, and four high energy 
astrophysics automated payloads. 

(c) This technology advancement will make possible at least double the 
number of valuable observations of faint stellar sources* 

(d) The level of technological maturity required for this development is 
prototype model testing in a simulated environment. 

TO BE CARRIED TO LEVEL ^ 

7-385 




8. TECHNICAL PROBLEMS: 


a) Primarily sensitivity to detect the faint stars it will be necessary to 
track-. 

Tradeoffs are 

Optics size 

~ Detector Sensitivities 

- Electronic Mode (current level or photon counting) 

(continued) Offset Angle Capability 

9. POTENTIAL ALTERNATIVES: 

a) Sensing of bright stars that may be far off the telescope axis - requires 
highly accurate means of measuring and controlling relative pointing 
directions of on-board components. 

b) Earth - Based Beacon Sensing (laser or microwave) — same requirement 

as above & continuous information on effective change in direction of reference 


10, planned programs or UNPERTURBED technology ADVANCEMENT: 

a) STOP No. 506-19-14 (EIACS) Extended Life Attitude Control System for Unmanned 
Planetary Vehicles , 

b) ITT NASA Contract — improved FW-4012 (W/6" photocathode), 3,4 rise distance 
(vs. 20 typical) -- aperture edge-tracking applications. 

c) ITEK — diff raction grating approach (inhouse) 

d) Perkin Elmer — Beam-splitting approach (inhouse) 

(Continued on next page) EXPECTED UNPERTURBED LEVE E j 

11 . Related technology requirements: 

a) Solid-State detector sensitivity improvement 

b) Electronic Techniques development (for ID aperture edge- traclcing and/or 
photon counting) 

c) Highly accurate large-angle measurement (for off-axis reference sensing) 

d) On-board software processing capabtlity for beacon-sensing option. 
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DEFIMTION OF TECHNOLOGY REQUIREMENT KO. GE-is. j 

1, TECHNOLOGY REQUIREMENT (TITLE) ; Traoker/Fleld p^GE 3 OF 4 

Monitor Assembly 

5. DESCRIPTION OF TECHNOLOGY (Continued) 

The state-of-the-art is exemplified by two current star tracker developments; 

1) The STELLAR System, “Star Tracker for Economical Long Life Attitude 
Reference (JpL) uses charge coupled devices {CCD) in place of the image dissector, 
and is capable of 0.1 to 30^ (variable) field of view, 11 m^ star sensitivity (with 

4“ diameter optics), 1 arc sec accuracy (worst case). 

2) The HEAO Tracker (Hughes) uses the “photon counting and digital processing'* 
method and is capable of a 2° x 2“ field of view, S star sensitivity (with 4“ 
optics), and a calibration accuracy o£ 0. 75 arc sec. 


7. TECHNOLOGY OPTIOHS (Continued) 

(2) Alternate Option - using two physically separate star trackers 

The two trackers may have any of the features in Item ? j (1) above. The 
severity of the errors introduced by the measureraeui: of ralatiye angle 
bettfeen the trackers and between those and the main telescope xriLll depend 
upon the interconnecting structure, thermal effects, magnitude of the 
deviation angles between the optics, and the actual measuring machanism. 

8. TECTIHICAL PROBLEMS (Continued) 

fbV Attainment of higher sensitivity required to utilize guide stars with 
liv = 10. In the single-tracker option. (No. 1) the E.O.V,. must be 
sufficiently large to enconqiass at least two guide stars within the 
sensitivity capability of the detector. 

(c)' Time, constant or bandwidth must be adequate. 

‘(d) Ability to- reduce acquisition and tracking time delays due to; computation 
and response delays. 

10, PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT (Continued) 

(e) GE — ASP PREG, Pointing System — Study for GSFC 

(f) Several NASA SRT Program Submittals (Nos, 506 - 18 -13, 506-19-12, 

; . ,506-17^-32), 

(g) Stellar system being developed by JPL for AiffiS Research Center, 






DEFINITION OF TECHNOLOGY REQUIREMENT 


NO.gE 15.1 


1 . TECHNOLOGY REQUIREMENT (TITLE) ; . 


Star Traclcers 


PAGE 4 OF 4 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Analysis 

Design Pliase 
3. Breadboard Test 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . OperaHons 


3. USAGE SCHEDULE; 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES; 



12 18 22 22 23 26 23 28 22 22 20 22 23 283 


NASA/ AMES c~141 AIRG Information Bulletin #6 (IB -6) 

3/25/74. 

"Video Inertial Pointing System for Astronomy Payloads" . AMES E.C., 
by J. V. Foster & D. R. Chapman. 

JPL Memo No. 343n8-74-219 , "Star Detection Capabilities of 
Charge Coupled Inoaging Devices." 


15, LEVEL OF STATE OF ART s- coMPOKtsirOR BHEADEOAim tESTEO w relevant 

environment IN THE LABORATORY. 

1 . BASIC PHENOMENA OBSERVED ANDREPORTED. B. MODEL TESTED IN AIHCRAIT ENVIRONMENT. 

2. THEORY FOIIMULATED TO DESCRIBE PHENOMENA, 7. MODEL TESTED IK SPACE ENVIRONMENT. 

a. theory TESTED BY PHYSICAL E.XPER1MENT B. NEW CAPABILITY DERIVED FROM A MUCH LESSER 

OR MATHEMATICAL MODEL, OPERATIONAL MODEL, 

4. PERTINENT FUNCTiON OR CMARACTERISTIC DEMONSTRATED, 9 . RELtABlLITY UPGRADINC OF AN OPERATIONAL MODEL. 


E.C., MATEIUAL, COMPONENT, ETC. 


10. LIFETIME EXTENSION OF AN OPERATION.AL MODEL. 






















DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. GE-15.5 


1 . TECHNOLOGY REQUIREMENT (TITLE) : Advanced Attitude PAGE 1 OF 

Sensing System 

2. TECHNOLOGY CATEGORY: Attitude Control 

3. OBJECTIVE/ ADVANCEMENT REQUIRED; Provide attitude sensing to support 
laiowledge of pointing to 0.001 degree accuracy. Concurrent advances are needed 
in ephemeris accuracy, to p ermit precise location of the satellite. 

4. CURRENT STATE OF ART; Current systems are capable of 0,004-0.01 degree 

accuracy. Ephemeris accuracies of 50 meters can be attained with current 

technology. HAS BEEN CARRIED TO LEVEL 

5. DESCRIPTION OF TECHNOLOGY 

(a) Advanced Earth Observation payload sensors will require pointing accura- 
cies in the order of 10"^ degrees in order to permit precise correlation 
of high resolution multi-spectral data with earth surface features, 

(b) Effect savings through hardware simplification and standardisation of the 
attitude control subsystem. 

(c) Current state of the art is typified by the PADS, or Primary Attitude Deter- 
mination System that is accurate to 0.01 degree and uses strapped dotm 
inertial measurement and star detector. The Space Shuttle will be able to 

be located within 170 meters (RSS) at 100 nm altitude. Automated payloads 
such as EOS will be located within 50 meters. The Hughes STARS (Stellar 
Tracking Attitude Reference System) would utilize a single, inertlally sta- 
bilized, gyro-less star tracker to accomplish 0.001° pointing, 

P/L REQUIREM ENTS BASED ON; 0 PRE-A,D A, □ C/D 

6, RATIONALE AND ANALYSIS: 

fa) Current trends in the development of high-accuracy attitude determination 
systems are towards more stringent pointing accuracies 3 hardware simplifi- 
cation and more extensive use of on-board computers • The trend in pointing 
accuracy can be exemplified by Nimbus , ERTS, and EOS, which require 1*0, 

0.7, and 0,01 degree, respectively. Significant reductions in the number 
of sensors can be realized through increased computational capability. 

The use of the cbmputer also affords considerable flexibility of operation 
and thus the necessary versatility for subsystem hardware standardization. 

(b) This technology will benefit most of the future Earth Observation automated 
payloads, particularly advanced operational satellites such as the Earth 
Resources Survey Operational Satellite (ERS-0Sj^EO^6lA , 

(c) Higher pointing accuracies, in the order of 0.001 degree are 
justified on the basis of increased resolution requirements and reduction 
in the amount of ground-based geometric correlation/correction. 

(d) The technique will require thorough demonstration in ground simulation 
tests and on experimental satellites such as EOS prior to commitment to 
the operational satellite systems. 


TO BE CARRIED TO LEVEL J_ 




DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 6E-15.5 


1 . TECHNOLOGY REQUIREMENT(TITLE) : 

Sensing System 

7. TECHNOLOGY OPTIONS: 


Advanced Attitude 


PAGE 2 OF 4 


wx xxwxw. jjjg variables involved in this technology include; 

(a) Type of inertial sensor and star sensor to be used. 

(b) Degree of computational capability and type of computer. 

(c) Centralized computer for all subsystems vs. dedicated computer. 

(d) Software for each mission application. 

(e) Drive electronics to translate computer instructions in terms of time- 
phased attitude control functions. 

(f) Extent of ground-based versus on-board computation/data processing. 
Tradeoffs are required concerning the optimum use of ground control points vs. 
knowledge of pointing, residual alignment errors and ephemeris accuracy. 


8. TECHNICAL PROBLEMS: 

1. Complexity of software requies new, versatile programming techniques. 


2, Significant improvements in ephemeris accuracy beyond current state of the 
art may involve high operational complexity. 


9. POTENTIAL ALTERNATIVES; 

Autonomous navigation techniques such as those being developed by LaRC, using 
target correlation through coherent optical techniques may simplify the on-board 
system (see Reference 1). Payloads may use Navsat information for precision 
location. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; 

(a) Earth Observatory Satellite and Solar Maximum Mission Satellite plan to 
utilize this technology but with less stringent accuracy requirements, 

(b) Related RTQP's are as follows; 

502-23^41 Earth Oriented Attitude Reference 
502-23-42 Inertial Components 


(Continued) • I 

11 . RELATED TECHNOLOGY REQUIREMENTS; 


EXPECTED UNPERTURBED LEVEL 


Software technology advancements are a vital part of the subject technology; 
therefore, general softX'/are developments will impact this technology. 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. J 


1 . TECHNOLOGY REQUIREMENT (TITLE) ; ^ PAGE 3 OF 

ADVANCED ATTITUDE SENSING SYSTEM 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT; (Continued) 
502-23-43 Adv. Components for Precision Control Systems 




DEFINITION OP TECHNOLOGY REQUIREMENT 


NO. ge-15.5 


i TECHNOLOGY REQUIREMENT fTlTLE): Advanced Attitude 

Sensing System 


PAGE 4 OF 4 


1 2 . TECHN OLOGY REc^ UIREMENTS SCHEDULE : 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Analytical Studies 

2. Softxirare Development 

3. Prototype Hardware 

4. Ground Simulation 

5. Space Qualification 


APPLICATION 

1. Design (Ph., C) 

2. Devl/Fab (Ph. D) 

3. Operations 





3. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 

1) "Feasibility Study of a Stellar Tracking Attitude Reference system - 
Final Report", June 1971, B. Klestadt, Hughes Aircraft Company, NTIS 
Accession No. N72-19717, NASA CR-119676. 

2') "Definition of a Stellar Tracking Attitude Reference System Experiment 
for a Communication/Navigation Research Laboratory", 

March 1973, Hughes Aircraft Company, Report No. SCG 30112R, 3Q113R. 

3) "Stellar Tracking Attitude Reference System - System Application 
Study", September 1974, B. Klestadt, Hughes Aircraft Company, 

Report No. SCG 40341R. . 


15. LEVEL OF STATE OF ART 


1. BASSO PHEE^OMENA OBSERVED AND JlErOHTBD. 

2. TJIBORV ^X)^^^tLATEDTOOEf>CI^IDB PHENOMENA. 

3. TrSEOl 1 ''ESTED BY PHYSICAL EXPERIMENT 

OR AbXTREMATICAL MODEL, 

4. PERTINENT FUNCTION OR CHAilACT ERISTIC DEMONSTRATED, 

E*G*, AUTEULAL, component, BTC. . 


5. COMPONENT OR BREADBOARD TESTED IN RELEVANT 

ENVIRONMENT IN THE. LAPORATORY, . . .. 

6. MODEL TESTED IN AIRCRAPT ENVIRONMENT* . 

7* MODEL TESTED IN SPACE ENVIRONMENT* 

8* NEW .CAPABILITY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL, 

9* BEUABILITY UPGRADING OF AN OPERATIONAL MODEL. 
.10. LIFjSiTIME ESltENSlO.S OF AN QTERArnON,AL MODEL. 











DEFmLTION OF TECHNOLOGY REQUIREMENT NO. GE-16.1 

1 . TECHNOLOGY REQUIREMENT (TITLE) : Transmission System PAGE 1 OF 4 

for Planetary Entry grobe 

2. TECHNOLOGY CATEGORY: Telemetry, Tracking and Command 

3 . OBJECTIVE /ADVANCEMENT REQUIRE33: Develop a transmission system capable 

of penetrating through the atmosphere of Saturn, Uranus, or Jupiter, for d ata 
transmission to the planetary (bus) vehicle (e.g.. Pioneer). 

4. CURRENT STATE OF ART: A design concept has been postulated and modeled 

for a. probe receiver, transmitter and anteima system for a Saturn/Ur anus atmospheri c 
entry probe. HAS BEEN CARRIED TO L EVEL ^ 

5. DESCRIPTION OF TECHNOLOGY 
Critical Parameters 

The gathering of atmospheric data during entry of the probe in the planetary 
atmosphere is one of the primary goals of many advanced planetary missions in 
the NASA model. The required advancement in the state-of-the-art would consist 
of designing and experimentally testing the operation of transmission system(s) 
for operation in the atmosphere of Saturn, Uranus and Jupiter, considering the 
following parameters: 

(a) Atmospheric gas constituents, density and spatial distribution 

(b) Atmospheric dynamics, especially the turbulence characteristics 
(u) Tliermal plasma resulting in RF blackout. 

(J) Syncliroti'on noise and tliermal noise originating from, the region of the planet. 

(Continued on page 2 ) 

P/L REQUIREMENTS BASED ON; □ PRE-A,[3 A,Q B,Q C/D 

6 . RATIONALE AND ANALYSIS: 

It is possible that modest state-of-the-art advancements in transmitter and 
antenna design will be required to satisfy the desired high probability of 
mission success, given the uncertainties of the characteristics of the plane- 
tary atmospheres. 

(a) Atmospheric constituents, turbulence, and pressure will affect choices 
of carrier frequency, modulation, and power levels needed to overcome 
attenuation. Uncertainty in Jupiter’s helium to hydrogen ratio, for 
instance, is estimated at 18% and may be off by a factor of two. 

(b) The radiation environment is very severe, as evidenced hy the rates encountered 
in the Pioneer 10/11 spacecraft. That flight also established Jupiter as a signi- 
ficant source of energetic particles. This aspect 'will affect the selection of , 
electronic components and their shielding and thermal design, 

(Gontoued on page 2) 


TO BE CARRIED TO LEVEL 5 



DEFINITION OF TECHNOLOGY EEQUIREMENT NO, GE»16.1 

1. TECHNOLOGY REQinREMENT (TITLE); Transmission System PAGE 2 OF 4 
for Planetary Entry Probe .. 


5, DESCRIPTION OF TEC3HN0L0GY;(cont*d) 

(e) Nuclear radiation, cosmic, and thermal environments 

(f) Uncertainty in the general geometry between the probe and the bus vehicle 
during fly^-by probe entry. 

Although the transmission system specifications have not been formulated as 
yet, the transmitter weight goal is typically less than 1.5 kilograms, power 
consumption not to exceed 100 watts, rate of a PCM convolutionally coded 
waveform will be 40-50 bits per second, reliability 0.998, operating life of 
10 hours and storage life of up to 10 years. The inaximitm expected range is 
10 Jupiter radii. 

The current state of the art is characterized by conceptual designs based on 
communication link analyses which factor in the uncertainties of the planetary 
environment models current at the time. 


6. RATIONALE AND ANALYSIS: fcont'd) 

(c) Relative geometry between the probe and bus vehicle may pose special 
requirements on the antenna pattern and gain characteristics. 

Typically, the 1981 Pioneer Saturh/Uranns Flyby Mission requires 110 
to 130.000 km communication range, with the trajectory chosen to limit the 
probe a^ect angle to less tlian 10 degrees. 

Benef itting Payloads 

PL-llA Pioneer Saturn/Uranus Flyby 

PL-13A Pioneer Jupiter Probe 

PL-22A Pioneer Saturn Probe 

(d) Level of Technological Maturity 

The receiver, transmitter and antenna system should be breadboard-tested 
Himniaiving ; the geometric and attenuation conditions expected to be encountered 
in the planetaxy environment. The effectiveness of the electronic component 

hardening concept should be verified, at least to the individual part (e. g. , 
transistor) level. 


7-394 





1 


DEFMITION OP TECHNOLOGY REQUIREMENT NO. GE-16.1 


1 *rFCHNnT.nOY REOmREMENTmTT.E^; Transmission. System PAGE 3 OF _4 

for Planetary Entry Probe 

7. TECHNOLOGY OPTIONS; 

Key variables are; 

(a) Carrier frequency; typically 0.4 to 1.0 GHz for the Saturn/Uranus Flyby 
mission. Power requirement is larger at 1 GHz. 

(b) Beamwidth range up to 130° are considered. Power requirements increase 
with beamwidth. 

(c) Modulation: tradeoffs include type of modulation (e.g., non-coherent 

F.S.K. versus P.S.K. With phase-lock loop reception). 

8. TECHNICAL PROBLEMS; ^ 

The principal problem is the uncertainty in the characteristics of the 
planetary atmospheres. 

9. POTENTIAL ALTERNATIVES; 

(a) Design the transmission system with very large power margin, to account 
for unknown environmental conditions. Impact may be a significant increase 
in overall planetary vehicle weight and volume. 

(b) Multi-^channel design to incorporate several approaches tailored to various 
potential combinations of environments. 

10 . PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANGEMENTi 

The f o liowi ng programs r elated to planetary atmospheres are p er txiieat 
to this technology advance; 

186-68-65 Pioneer Follow-on Mission Technology 
185-47“ 66 Structure of Planetary Atmospheres 
i85-47-67 Planetary Atmospheres - Structure ahd Obmposition 
185-47-68 planetary Atmospheres Experiment Developmeht 
185 - 47-81 Theory and Models 

EXPECTED IINPERTURBED LEVEL 5 


11. RELATED TECHNOIGGY EEQUIEEMENIZ: 
None 

-- 


7 - 39 ^ 




DEi> INITION OF TECHNOLOGY REQUIREMENT 


NO, gE- 16,1 


i. TT:rHM«)T vlGY T?FQTrTRETVrENT fTITt.E); Transmission System PAGE 4 OP _4_ 
for Pl>inetar% Entry Probe 


la TECHNOLOG - REQUIREMENTS SCHEDULE; 

CALENDAR YEAR 

SCHEDUl.E ITEM 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90 1 91 1 


TECHNOLOGY 

1. Analyses 

2. Math. Modeling 

3. Model Design & Mfg. 

4. Model Tests 


APPLICATION 
1. Desj^n (Ph. C) 

^ 2. Devl/Fab (Ph. D) 

3. Operations 


3. USAGE SCHEDULE: 


TEC HNOL OGY NEED DATE 
NUMBER OF LAUNCHES 


14. REFERENCES: 




15. LEVEL OF STATE OF ART 

1. l!A3i- PMNOMt: .A OBSEUV13D A^^D REPOIiTED. 

2. TIIFuKy FOliMULATtD TODESClllBE PliENGMEIlA* 

3. THtOfty tcsTED BY PHYSICAL EXPERITONT 

OR MATHEMATICAL MODEL. 

4i PiJHTlNE^T FtJvrCTinN OR CHAnACTERlSTIC DEM01^ST.RATEt>, 
E.Gv/ AIATEUL\* V aIFONENT, ETC* 


s. OOI^n?OKENT PR BREADBOARD TESTED IN RELEVAHT 
DtiVlHOMENT m THE lAEORATOilY. 

6. MODEL TESTED IN AlHCRABT ENVIRONMENT, 
r* MODEL TESTED IN SPACE ENVIRONMENT, - 
a. NEW GAPAmUTY DERIVED FROM A MCCH LESSER 
OPERATIONAL MODEL* 

9, RELIABILITY UPGIL^PING .OF AN OPERATIlpNAL MODEL, 
10. LTFETLME EXTENSION OF AN OPERATIONA L MODEL . 








j DEFINITION OF TECHNOLOGY REQUIREMENT NO, GE_16,4 

> [ TECHNOLOGY REQUIREMENT (TITLE): Memory Unit PAGE 1 OF _4_ 

* ^or On -Orbit: Functions 

, 2, TECHNOLOGY CATEGORY: Telemetry, Tracking and Command 

I a. OBJECTIVE /ADVANCEMENT REQUIRED; Provide Mgh capacity, compact, 

I module and memory unit for payload functions for P/L checkout ^ subsystem 
support and experiment data storage ^ 

■1. CL’llIlENT STATE OF ART: Magnetic bubble memories have demonstrated the 

required capabi lity in the laboratory; adaptation to the specific shuttle 

needed, HAS BEEN CABBIED TO LEVEL ^ 

5. DESC Hi I ^TfON OF TECHNOLOGY 

(APPLICATION A) Specific Pallet- only sortie payloads require a large memory , 
(500,000 word) size and quick access time (5 millisec.) to permit very detailed 
' checkouts to be performed expeditiously, and to conduct complex (stellar) target 
acquisition and pointing operations without overloading the quick access memory, 
i The available volume is 0.06m^* 


{contiuued on page 2) 

P/L REQUIREMENTS BASED ON: E PRE-A, □ A, □ B, Q C/D 
6. RATI< >NAU*' AND ANALYSIS: 

(a) (APPLICATION A) The 500,000 word (32 bit) capacity and 5 millisecond 
access time requirements are based on SSPDA mission analyses for the checkout 
phase, initial target acquisition and pointing of large astronomical optical 
systems. Since each nominal sortie mission lasts 7 days, any savings in 
preparatory tasks such as checkout and initial acquisition i>7ill allow more 
■time for actual experimentation. 

(APPLICATION B) The large storage requirement for eKperiment data cited in 
(5) above assumes that the Tracking and Data Relay Satellite System, mil not 
be designed to offer maximum wideband data relay support for long periods 
(several days), to multiple simultaneous users. 

(b) Specific payloads benefitting from this technology are AS-OlS, l.Smeter IR 
telescope; Eud AS-04S, 1-iD Diffraction limited UV telescope. Automated 
payloads such as advanced versions of the Eartli Observatory Satellite , EO-08A 

will also benefit. ^ 

(contiaued on page 2) 


TO BE CARRIED TO LEVEL _7 

:Y-397^' ■■ ■ 


DEFINITION OF TECHNOLOGY HEQUIREMENT 


NO, GE 16. ^ 

1 . TECHNOLOGY EEQinREMENT (TITLE) : Memory Unit PAGE 2 OF 4 


5. DESCRIPTION OF TEGHHOLOGy (Continued') 

The sLate-of-tlie-art for Application "A" is summarized below; 

Storage 

Type of Device Capacity 

Chai'ge Coupled Device 8*4 x 10*^ Words 


Disc Memory 1. 25 x 10® Words 

Drum Alemory 8.4 xio” Words 


0 

Magnetic Bubble 10 Words 

g 

Floppy Discs 1.31x10 Words 

=* The 3 microsecond access time is expected from a Bell Laboratories experi- 
mental unit. (See Application ’'B*' for a bubble memory by NASA-LaHC that 
is not designed for random access. 

(APPLICATION B) High data rates and long periods of observation data in Earth 
and Ocean Physics will require storage of and accessibility to large quantities 
of digital data on-board the automated spacecraft or Spacelab. Typical of these 
requirements is the M.S. S. Imagery P/L 0P-05S which requires the storage of 
4.3xl0l0 bits during a 7-day sortie mission. Current high density magnetic tape 
is capable of storing up to 10^ megabits per tape reel ; although this magnetic tapq 
may be adequate in applications requiring merely the accumulation of data for 
return to the ground, its access time is not compatible with rapid on-board 
edit and multi-sensor correlation functions. 


6. EATI GMLE and analysis CGontinued) 

' ^c> in applicatiott A, it is estinfated that 6 hours of operation time will be 
saved through checlcout diagnostic operations and initial acquisition of 
stellar targets . 


(d) tthe technological development should be carried to the testing of an 
op er'ational model (pratotype) under actual orbiter ascent, desceait and land 
conditions . 


Access 

Time 

4 millisec. 
(max.) 

2 minis ec. 
(ave.) 

12. 5 millisec. 

16 millisec. 
(max.) 

8 millisec. 
(ave. ) 

3 mierosec‘t= 
8.4 millisec. 


Volume 


0.01 


>1.06 

0.08 


TBD 

<0.06 



DEFINITION OF TECHNOLOGY REQUIREMENT 


NO, GE-16.4 


1 TECHNOLOGY REQ.UIRBMENTfTITLE^ : MEMORY UNIT ' PAGE 3 OF ± 


7. TECHNOLOGY OPTIONS: 

Technology improvements may be effected in any of the follot^ing memory storage 
systems; 

(a) Disc memory - Recent developments make these systems highly reliable (e.g, 
incorporation of air bearings, sealed storage) . 

(b) Magnetic Domain (Bubble) Memory - This constitutes the most promising future 
method for low cost, large storage capacity, and high reliability data storage. 

(c) Floppy Discs - These new devices compete very favorably with cartridge/cassett 
tape transports, as a low cost storage method. 

The critical parameters that affect payload are access time, life, MTBF, power 
consumption, weight, vibration/shock/acceleration resistance and operating 
temperature. 


8. TECHNICAL PROBLEMS: 

(a) Limited volume capacity in the Payload Specialist Station or spacelab. 

(b) Hi^ reliability operation after exposure to the boost environment of the 
Shuttle System. 

(c) Wliile magnetic bubble memories might offer viable solutions, the temperature 
range over which adequate performance margins can currently be achieved is li 

9. POTENTIAL ALTERNATIVES; 

Space Shuttle computer could be shared with the payload, however, this is 
required on a non-interference basis with respect to the primary navigational 
and checkout functions of the Shuttle. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOIXDGY ADVANCEMENT: 

Reference 4 lists two pertinent programs in this area. It is expected • 
that suitable storage components will be available through unperturbed 
technology advances, however, their application to the specific problem at hand may 
not be completed on time. 

EXPECTED UNPERTURBED LEVEL 6_ 

11 related TECHNOLOGY REQUIREMENTS: 

The development of mini-computers and micro-computers that will satisfy the 
increasing demands by a great variety of payloads will be relevant to the 
memorv systems with which they must operate. 




DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. ge 16*4 

1 TFCT-TNrfil.nGY RKQTTIREMENT (TITLE): Memory Unit 

PAGE 4 OF 4 

12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 


SCHEDULE ITEM 75 76 77 78 79 80 81 82 83 84 85 86 

i 87|88 89 90 91 


TECHNOLOGY 

1. Detailed Requirements 

2. Test of Avl^bl Systenu 

3. Breadboard Test 

4 prototype Test 
5 ^ Design modification 


APIUCATION 

1. Des:i^a (Ph. C) 

2. tevl/Pab (Ph. D) 

3. Opera.tions 

4. 


13, USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBEHOE LAUNCHES 


14. EEFERENCESr 




221231 


1 15 


1. "Magnetic Babbles" - article by Andreq H. Bobeck and H. E.D, Scovil, 
Scientific American. 

2. "Floppy Disc Drives", article by John A. Murphy, Modern Data. 

3. "Boosting Reliability of Disc Memories", article by Roland Boisvert 
and S. S, Lambert, Electronics, 

4. "Investigation of System Integration Methods for Bubble Domain Plight 
Recorders" prepared tinder Contract No, NASI- 12435 (in final review) and 
"System Analysis for Spacebome /Airborne Magnetic Bubble Mass Memory", 
Technical Eeport AFAL-TR-2 70, dated October 30, 1974, prepared under 
Contract No. F33615-73-G- 1103, by Rockwell International under contract 
to Microelectronics Group, Flight Instruraantation Division, Langley Re- 
search Center, NASA, Langley, Va,, and the Air Force Avionics Laboratory, 
Air Force Systems Command, Wright-Patterson AFB, Ohio, 

Id. le vel of state of AET s. cohi?okewt on bheadeo&rd tested in helevant 

“ environment in the iabohatory, 

1. Basic PHE NOMENA OBSERVED AND REPORTED. G. MODEI. TESTED IN AIRCRAJ-T ENVtROKSlEHT. 

2. TItEOUV TOUMULATED TO DESCmSE PHENOMENA. 7. MODEE TESTED IK SPACE ENWRONMEKT. 

3. THEORY '-’ESTED BY PII75ICAL EXPERBIENT .8, HEW CAPABILITY DERIVED FROM A MUCH tESSER 

OR MiMllEjlATICAL MODEL. OEEHATIOKAL MODEL. 

4. PERTINENT FUNCTION OR CRARACTERISnC DEMOtmTRATED, 9, REUABILITY UPGRADING OF AN OPERAHONAL MODEL. 

E.C . MATEULYL, COMPONENT, ETC. 10. UFETIME EXTENSION OF AN OJrEKATIOHAL MODEL. 

















DEFKJmON OF TECHNOLOGY REQUIREMENT NO. GE-17.1 

! i. TECHNOLOGY REQUIREMENT (TITLE): High Voltage PAGE 1 OF 3 

Solar Array 

j 2, TECHNOLOGY CATEGORY: Electrical Power 

• 3 . OBJECTIVE/ ADVANCEMENT REQUmED; Increased reliability and decrease 
j electrical subsystem weight through multi^-kilovolt signal conditioning with 

circuits that are integral to the solar array, 

4 . C U RREN T 8TA TE O F ART; High voltage array system at voltage 100 VPC 

levels a re wel l within the state of the art^ as typified by the Communication s 
Technology Satellite (Canadian) to be launchedHAS BEEN CARRIED TO LEVEL 4 

j- - '■■■ — La IQVIj. 

I 5, DESLTU)>TION OF TECHNOLOGY 


The electronic components (e.g. S*C*E, ^s) required to perform the necessary 
switching function between solar cell blocks must be capable of blocking 15 
kilovolts in the forward direction* The reliability associated with these 
devices must be sufficiently high to support missions of 5 to 10 years durati 
With the exception of the high-reliability high-voltage switching devices, 
the technology for high voltage solar arrays is available and will improve 
with thfc development of high efficiency solar cells* The design of the 
solar array and its individual components must be able to withstand the 
high voltage levels (e.g., up to 15 KV) without voltage breakdown. The 
state of the art is 67 VDC on the Canadian Communications Satellite^ A 
laboratory solar array at the Lex-?-is Research Center has been operated at 1500 
volts without problems (Reference #3) . 


P/L REQUIREMENTS BASED ON; □ PRE-A,® A,® B,® C/D 

6. RATIf»NALE AND ANALYSIS; 

(a) The 15 kilovolt level for the switching devices is based on the require- 
ments of advanced communication traveling wave tubes as required for 
the communications R&D prototype satellite (CN-OIA) . 

(b) In addition to payload GN-OIA, advanced geosynchronous satellites 
utilizing ion propulsion will benefit from this technology. The 
majority of these applications fall in the disciplines of Earth 
Observation and Communication/Navigation* 

(c) Heavy, complex power conditioning equipment used in low voltage solar 
array systems significantly reduces the reliability of the system. 

(d) This technology advancement should be carried to an experim^’ntal 
demonstration in an automated spacecraft or an early shuttle flight. 


TO BE CARRIED TO LEVEL J_ 


7-401 


J. 


DEFINITION OF TECHNOLOGY REQUIREMENT 


NO.GE-17.1 


1 . TECHNOLOGY REQUIUEMENT(TITLE) ; High Voltage Solar Array PAGE 2 OF -3_ 


7 TEC HNOI OGY OPTIONS: 

An alterr»ative to the high voltage SCR may be a high voltage electromagnetic 
vacuum relay of sufficiently small dimensions to permit integral accomraod^ ion 
with ti>e solar array. Solid state control circuits are technology limitec 
Transistors and SCR's with capabilities beyond a few hundred volts are beyond 
the state of the art. 


f* Interaction o? array with charged particle environment (Reference #4). 

Array handling at normal light levels* 

voltage SCR's with high reliability may not be feasible, SCR thermal 
dissipation on the solar array substrate has presented serious design 
limitations . 

The design of the array to prevent voltage breakdo^m will be difficult in 
view of the light weight quality of the arrays and the possibility of sharp 
protrusions and discontinuities producing arcing. Shielding presents signifij 


3* 


4. 


9- potential ALTERNATIVES: ^ ^ 

Design using a larger number of lower voltage SCR’s is possible. 

Design with a higher bus voltage, up to the limit where voltage breakdown may 
present a hazard with conventional design practice. 


10 - PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT^ 

RTOP #502-24-17 "Solar Array Technology for Solar Electric Propulsion State" 
could be expanded in scope to also invetigate high voltage designs. 


EXPECTED UNPERTURBED LEVEL 5_ 

11 related TECHNOLOGY REQUIREMENTS: 

Electrical power control component technology, high voltage level distribution 
systems. 





DEFINITION OF TECHNOLOGY REQUIREMENT 


1 . TECHNOLOGY REQUIREMENT (TITLE) : _ 



ayPAGE 3 OF 3 


i 2 . TECHNOLOGY REQUIREMENTS SCHEDULE ; 

CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 

1. Analyses 

2. Electrical Component 
Design 

3. Component Tasks 

4. Array Fabrication 

5. Array Ground Task 

6. Array Space Checkout 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 


. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 



14. REFERENCES; 


4 6 6 


9 5 6 4 3 9 5 9 4 77 


1) "Study High Voltage Solar Array Configurations with Integrated Power Control 
Electronics," Final Report, contract NAS-3-8997, General Electric Co. 

2) "High Voltage Solar Array Experiments, Final Report, contract NAS-3-14364, 

The Boeing Company. 

3) "High Voltage Solar Cell Power Generator System", by E. Levy, Jr., R, Opjordan, 
A. C. Hoffinan, lOth.'^ IEEE Photovoltaic Specialists Conference . 

4) "The Interaction of Spacecraft High Voltage Power Systems with the Space Plasma , 
Environment", by S. Domitz and N. T, Grier, Proceedings of the Power Electronics 
Specialists Conference . June, 1974. 


15. LEVEL OF STATE OF ART 

1. BASIC PHENOMENA. OBSERVED AND REPORTED. 

2. THEORV FORMUL.A.TED TO DESCRIBE PHENbilENA. 

3. THEORY TESl’ED BY PHYSICAL EXPEIUMENT 

OR mathematical .MODEL . 

4. PERTINENT PUNCTIOf! OR CHARACTERISTIC DEMONSTRATED, 

E.C., MATERIAL, COMPONENT. ETC, 


S. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LAEORAIORY. 
a. MODEL TESTED IN AIRCRAIT ENVIRONMENT. 

7. JIODEt TESTED IN SPACE ENVIRONMENT. 

8. NEW CAPAmUTY DERIVED FROM A MUCH LESSER 

OPERATIONAL MODEL. 

9. BEUABItlTY UPGRADING OF AN OPERATIONAL MODEL. 

10. LIFETIME EXTENSION OF AN OPERATIONAL MODEL. 





















DEFINITION OF TECHNOLOGY REQUIREMENT Nn, GE~17.5 

1 TECHNOLOGY REQUIREMENT (TITLE); . High Energy Density 1 OF 3 

Battery 

2. TECHNOLOGY CATEGORY: Electrical Power 

3 . OBJECTIVE / ADVANCEMENT REOTTTRED ! Provide battery weight Iroproveinent in 
the order of 50%, for automated spacecraft missions of long duration. 


4. CURRENT STATE OF ART; Nickel Cadmium batteries are capable of ten 

watt-hours per pound with very high reliability. 

HAS BEEN CARRIED TO LEVEL 3 


5. DESCRIPTION OF TECHNOLOGY 

* 

A goal of 25 watt-hours per pound or 55 watt-hours per kilogram seems reasonable 
on the basis of laboratory tests of the Nickel-Hydrogen cell. Attainment of 
high reliability for long life applications is still a problem. The behavior 
of a Metal-Hydrogen battery unCssr actual space operations and environment is 
in question, considering its early stage of development. For instance, 
laboratory tests have uncovered the problem of loss of electrolyte. 

Higher energy densities are possible with Silver-Hydrogen cells; the disadvantage 
are shorter life times, silver migration, and water formation which dilutes the 
electrolyte and compilicates electrolyte management. 

Other cell types under investigation are Silver Zinc and Nickel Zinc. 

* Note; Energy density comparisons at 100% depth of discharge are: 

NiCd-30-40 watt-hr/kg, AgZn and AgH3-90-100 wart-hr/kg, 

P/L REQUIREMENTS BASED ON; H] PRE-A,D A,D B,D C/D 

6. RATIONALE AND ANALYSIS: 

(a) The stated requirement is based dm. the high power utilization associated 
with spacecraft such as those for future communication/navigation applications 
and Earth observation applications where high power levels are maintained through 
the eclipse period of the orbit. Nickel Cadmium batteries can deliver 6 or 7 
wa.,t-hour/ib. after actual power derating (from 10 watt-hr./lb. capability. 
Therefore, to obtain 50% weight improvement would require 12-14 watt-hr/ lb, 
which xfe estimated as a realistic output from a projected Nickel-Hydrogen battery 
after power derating. 

(b) Specific payloads benefitting by this technology advance will be the geo- 
synchronous satellites In Earth Observation and Communications. 

(c) The advancement described herein is justified on the basis of the benefit 
associatea with weight savings for large geosynchronous satellites. The inter- 
mediate Space Tug payload capabilities will limit the weight to geosynchronous 
orbit, thus making it desirable to attain the highest possible operational 
payload versus spacecraft weight ratio. 

(d) The technology program should be carried to the demonstration of cyclic 
life in a temperature chamber for a total of cycles equivalent to 10 year op era- 
tion 

Receding page biake: not hlmbd 


TO BE CARRIED TO LEVEL 5 





DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 17. 5 


1. TECHNOLOGY REQUmEMENT(TlTLE) : High Energy Density PAGE 2 OF A. 

Battery 



8. TECHNICAL PROBLEMS: 

The main problem encountered in laboratory tests is the attainment of long life 
and number ot cycles, A potential problem in the initial operational period 
may be battery cost, compared with NiCd batteries. 

Safety assurance under all operating conditions will be essential, particularly 
during the portion of the mission when the battery-carrying satellite is in 
the Shuttle Orbiter. 

9. POTENTIAL ALTERNATIVES: 

Some pay ! ads requiring geosynchronous orbit may be able to be operated at 
significantly reduced power levels during the 36 minutes of eclipse. This 
will reduce the battery sise. 


10 PLANNED PROGRAMS OR UNPERTtmBED TECHNOLOGY ADVANCEMENT: 

(A) ETnP>502-i5-57 #W74 -70319 "Deep Space Batteries" (JPL) 

(B) Request 506-23-23 "Ghemical Energy Conversion and Storage" (GSFG) 

(C) Prdgraias on WiH2 cells coriduoted at Wright Patterson APB 

(D) Metdl -Hydrogen Cell Program, NASA - LeRG* 

EXPECTED UNPERTURBED LEVEL ^ 

11- related TECHNOLOGY REQUIREMENTSi 
None Identified 
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DEFINITION OF TECHNOLOGY REQUIREMENT 

NO. GE 17.5 

' 1 

:: J 

1. 

TKGHNni.DGV RFQHTREMRNT (TITT.E): Energy Densxty 

Battery 

PAGE 3 OP JL. 




1 2 . TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR 


SCHEDULE ITEM 




TECHNOLOGY 

Analyses 


2. Separator Developmeni 

3. Cell Developipent 

4. Cell Tests (Ground) 

5. Battery Model 




APPLICATION 

1. Desiga (Ph, C) 

2. Devl/Fab (Ph. D) 

3 . Operations 

4. 



. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


6 9 7 10 7 8 7 7 l4l0 12 8 \ 105 


14, REFERENCES: 


Predicted Energy Densities for Nickel Hydrogen and Silver-Hydrogen 
Cells Embodying Metallic Hydrides for Hydrogen Storage” » by Robert 
Easter, Lewis Research Center (Ninth Energy Conversion Engineering 
Conference, August 26-30, 197^* 


15. LE VEL OF STATE OF ART 


. 1. BA£ldnHK NOMEN A. OBSERVISD AND REPORTED. 

2 , THEORY F0I13\[ULATED TO DESCRIBE PHENOMENA* 

3* THEORY TESl’ED BY PHYSICAL EXPERIMENT 
OR mathematical MODEL* 

A* PERTINENT FUNCTION OR CHAItACTEIUSTIC DEMONSTxL^TED, 
. , E,G*» MTEHtA.L*::eOMPONENTf ETC* 


5* COMPONENT on BREAD BOARD TKSTEp IN RELE VANT 
ENVIRONMENT IN THE LARORAIORV, 

6. MODEL TESTED IN AlHCRAiT ENVIRONMEltT- 

7, MODEL TESTED IN SPACE ENVIRONMENT* 

a. NEW CAPABILITY DERIVED PROM A MUCH LESSER 
OPERATIONAL MODEL* 

9* HELIABILITy UPGRADING OF AN OPERATIONAL MODEL. 
10, LTFETLME EXTENSION OF AN OJ'EHATIQN.AL MODEL* 









DEFINITION OF TECHNOLOGY REQUIREMENT NO. C-18. 1 

subnanosecontt 

, I TECHNOLOGY REQUmEMENT f TITLED ; Pulse Measurement & PAGE 1 OF 5 
Correlation Detection; Pulse^to-Pulse Time Resol utioii, Small Time Differences 

‘i TECHNOLOGY CATEGORY: Instrument Electronics ; 

!. OBrJECTiVE/ ADVANCEMENT REQUIRED! Resolution of events to Q. 1 nanosecond; 
accuracy of tvvo pulses approximately 1 nanoseconds apart 

I ^ 

t. CURRENT STATE OF ART: Some high energy astrophysics e:^eriments operate with 

time resolution in the nanosecond region. 

HAS BEEN CARRIED TO LEVEL ± 

. DESCRIPTION OF TECHNOLOGY 

I Triggered time measurements accurate to 0. 1 nanosecond are required to achieve 
desired spectrometer experiment results^ Oscilloscopes are presently available 
^ that can measure triggered time periods to a resolution of 20 picoseconds. Although 
these oscilloscopes are available, vast improvements in decreasing size and weight are 
j required to obtain space iompatible circuitry. Many of current balloon experiments 
j operate with response times in the order of nanoseconds. Quick response circuits in 
; the subnanosecond range enable measurements of time of flight of relativistic particles 
, or of gamma rays as well as quick response triggering of anti coincidence .and co- 
: incidence circuits. Current spatial detector timing measurements are accomplished to 

microseconds. 


P/L REQUIREMENTS BARED ON: ^ PRE-A,D A, □ B,D C/D 

(i . RATIONALE AND ANALYSIS; . 

Characteristics of cosmic rays are determined by measurement of electron and posi- 
tron spectra. Spectrometer experiments Identifying particles in a magnetic 
field x'equire accurate spatial detection which, in turn, requires time measurements 
to 0. 1 naac«econd. Time of flight measurements between scintillators are also 
needed in order to determine which data is to be processed (i. e. , in high energy 
experiments only data from short time of flight measurements will be processed). 

Tlie SO-OlS, Dedicated Solar Sortie Mission, HE-15S, HE-08A, and HE-09A pay- 
loads require 0. 1 nonosecond time measurements. See legend page 3 for payload 
names. (Particularly item SO-OIS, Solar neutron e3q>eriment.) 

Time interval resolution will be increased by more than 1000 times of previous 
• measurements for spatial detection and ~10 tf^ues for time flight. 

Technological maturity will be demonstrated when the miniaturized pulse measure- 
ment circuitry is analyzed in a «pace equivalent enviroxunent with other components. 
Laboratory tests on earth are satisfactory to prove attainment of desired capability. 

TO BE CARRIED TO LEVEL 5_ 

fSBOtoms PAGE BUOT NOT 
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DEFINITION OF TECHNOLOGY REQUIREMENT No, C-^18.1 

I . TECHNOLOGY REQUIREMENTfTITl.EL PuylelSeli^^ent & paOE 2 OF 5 

Correlation Piilse-to-PulBe Time Resolution, Small Time Differeaces 

7. TECHNOLOGY OPTIONS: 

The accuracy of pulse-to-pulse time resolution measurement could be relaxed if the time 
between pulses was increased. This would require a greater distance between either the 
scintillators or between the spatial detector plates, depending on which output was being 
measured. This would increase payload dimensions somewhat but would also increase 
accuracy of spatial detection of "rigid" particles or rays having small curvature in a 
magnetic field. 


8. TECHNICAL PROBLEMS; 

a. Pulses delivered to the timing device must have sufficient triggering level, 

b. Device supplying triggering pulses must not introduce delay error, 

e. Payloads using multiple timing circuits may require amounts of circuitry miniaturiza- 
tion wMch will be difficult to obtain, 

f). POTENTIAL ALTERNATIVES: 

Payloads requiring multiple timing circuits may reduce size and weight by using a single 
timing circuit in conjunction with recording circuits. When a signal to be timed is re- 
ceived on one channel the start and stop pulses may be recorded and the channel flagged. 

The timing circuit could then measure time duration between pulses on the flagged 
recorder chaimel. However, some gamma or cosmic ray instruments require a number 

of qmck response circuits. - - ; 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

RTOP: W74-70615, Definition of Solar Physics Experiments for Space Shuttle, Goetz 
Oertel 

RTOP: W74-70646, Particle Astrophysics, Albert G. Opp 
RTOP; W74-70647, Particle Astrophysics, F.B. McDonald 

< 

EXPECTED UNPERTURBED LEVEL _5, 

11. RELATED TECHNOLOGY REQUIREMENTS: 

a. Particle charge measurement by two independent counters shall not have an error 
greater than ± 0. 25 units of charge. 

b. Spatial detector technology advancements required to obtain measurmaents of 0, 1 mm. 

c. Electron energy resclution of 1. 5% at 10 GeV, 3, 0% at 100 GeV and 4, 5% at 1000 GeV, 

d. Positive identification of positrons and electrons with good proton rejection. 

7-410 



DEFINITION OF TECHNO LOGY REQUIREMENT : NO. C18.1 

1 . TECHNOLOGY REQUHIEMENT (TITLE) ; Subnanosecond Pulse Mea - PAGE 3 OF .,..5,. 


surement & Correlation Detection; Puise"to~Piilse Time Resolution, Samll Time Differenpes 


12. TECHNOLOGY REQUIREMENTS SCHEDULE; 


CALENDARYEAR 


SCHEDULE ITEM 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

91 


, 

TECHNOLOGY 

1. Trades & Analysis 

2 . Exp. Model Design & Fal 
3 ^ Test and Evaluation 


- 














■ 




APPLICATION 

1 . Design (Ph. C) 

2. DeArelopment/Fabrica- 
tion(Ph, D) 

^ Operalions 



d 

ZI 

■ iE 


20 

□ 

□ 


on 

□□□ 

□ D 

CDD 

□D« 

□□C 




i_ 
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13. USAGE SCHEDULE: 


TEC HNOLOGY NEED DATE 


T 















TOTAL 

NUMBER OF LAUNCHES 






Ml 

M2 

M4 

T5n 

"MI 

IvO 

m 

n 

TylT 

Ml 

Ml 

li 

M3 

ISvtT 

Ml 

Ml 

M2 

W 

Ml 

■fii 

27 


14. REFERENCES; , . . ' 

a. Sumnaarized NASA Payload Descriptions, Level A Data, Automated Payloads, NASA 
PD; July 1974. 

b. Siunmarized NASA Payload Descriptions, Level A Data, Sortie Payloads, NASA PD, 

July 1974, • . ^ 

c. Preliminary Payload Descriptions, Vol. I &H, Automated & Sortie Payloads, July 1974 

d. Future Payload Technology Req,uirements Study, First Progress Review, GDC, 

August 1974, pages 56-67. ' 

e. Oscilloscope + Microprocessor + LED + Display = a Whole New Ball Game, EDN, i 
September 5, 1974, pages 88-91. 

f. Superconducting Magnetic Spectrometer Experiment for HEAO Mission B, Part I, 

Space Science Laboratory, University of California, Berkeley, Luis W.; Alvarez, 
Principal Investigator. . • • 

g. introduction to Ejqperimental Techniques of High Energy Astrophysics , H, Ogelman 
and J. R, Wayland, GSFC, 1970. 

h. Teldronix 1975 Products, Beaverton, Oregon. 

i. Gommenls, Andrew Buf&ngton of UCB, 7 Janluary 1975. 

LEGEND 

d Sij = SG-01S, Dedicated Sblar Sortie Mission r— -i Mj = HE-OSA, Large High Energy ObservMory A ' 

• M2 =HE-15S, Magnetic Spectrometer I i Mj^ = HE-09A, Large High Energy Observatory B ' 

15, LEVEL OF STATE OF ART ^ ^ ^ 

ENVIRONMESTIN THE LABOHATORY. 

1,. iWSICpHBrTOMENApBSERtrab ANDimrORTE^^ 6;: MODEL TESTED hi AIRCRAFT ENVIRONilENT. . 

2. theory roilMULATED TO DESCIUBE PHEKOMEKA. 7. MODEL TESTED IH SPACE EH VIROSMENT. ' 

3. THEORY TESTED QY PItYStCAL EXPERIMENT 8 . NE\V (M!A]RL1TY DERIVED FROM A MUCH LESSER 

OH 3LVTHE&IATICAL MODEL. OPERATIONAL MODEL. 

4. PERTINENT EONCTION OR CHARACTERISTIC DEMONSTRATED. 9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL, 

rE.C..,>lA.TEItIAL.^C^^ . ■ , 10 . T.TirPTTMlv EXTENSION OF AM .OPERATIONAL MODEL. 

7-411' . ; 



IINISTRUMENT ELEC I RONICS TECHNOLOGY NEEDS 



REQUIRED CAPABILITY 

STATE OF ART 

PULSE RIRMlNG, 
DIFFERENCING CIRCUITS 
> - RESPONSE TIME, nanoseos 


500 TO 2 

TIME resoluti on, hanosec 

0.1 TO 1 

1000 TO 2 

: amplituderesolutiqn 

10“^ 

V 10-7 : 














INSTRUMENT ELECTRONICS REQUIREMEIMTS FOR PULSE 
& CORRELATION DETECTION MEASUREMENTS 


1980 SORTIES 
QUICK-REACTION 
HIGH-ENERGY 
ASTROPHYSICS 
PAYLOADS Q 



MISSiON REQUIREIVIENTS 

SEPARATE CHARGED 
PARTICLES FROM GAMMA 
RAY PHOTONS 


DISCRIMINAtlON BETWEEN 
CHARGED PARTICLES & 
PHOTONS 

VELOCITY 

ANGLE OF ARRIVAL 

ENERGY MEASUREMENT 


ELECTRONICS REQUIREMENT 

MEASURE PARTICLE & PHOTON 
TIME OF FLIGHT THROUGH 
SPATIAL DETECTOR LAYERS 
TO 0.1 TO 1 ns 


.SPATIAL DETECTORS 
(TYPICAL POSITION-SENSITIVE 
DETECTOR PLATES) 


ELECtRONlCS> 


TIME OF 
FLIGHT 


1 PARtiCLE OR 
^ PHOTON PATH 
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DEFINITION OF TECHNOLOGY REIJUIREMENT 


NO. G, 18.2 


1 . TECHNOLOGY REQUIREMENT (TITLE); Crvostat/Magnet Electronics PAGE 1 OF 4 

Decrease magaet cbarge/discliarge time 

2, TECHNOLOGY CATEGORY; Instrument Electronics 

•J . OBJECTIVE /ADVANCEMENT REQTTTKED! Decrease charge/discharge time of 

magnet in order to meet all objectives of short doration mission. 


4. C URRENT STATE OF ART* Cryostat/magnets are currently being charged in 
approximately 24 hours. Balloon borne magnetic spectrometers have been made. 

HAS BEEN CARRIED TO LEVEL j6 _ 

li. DESCRIPTION OF TECHNOLOGY 

The charge/dis charge time of the superconducting magnet should be decreased by an order 
of magnitude from the 24 hours presently required in order to optimize the number of 
obseryations completed in a short duration mission, (If safely regulations permit it, the 
Space Shuttle Orbiter could talce off with the superconducting magnet already energizedi) 
Using present teclmoiogy, a 7 day mission would be limited to approximately 4 days of 
actual information gathering. The 24 hour charge/discharge time has no significant effect 
on long term (1 year) missions with automated (free flyer) vehicles, 

A larger charge/discharge time enables safer charge and discharge cycles. 


_ P/L REQUIREMENTS BASED ON: j] PRE-A,P A,D B.Q C /D | 

ti. RATIONALE AND ANALYSIS: | 

a. The cryostat magnet is used in ejq>eriments to provide the magnetic flux required to 

bend the trajectory of charged particles. Use of a cryostat magnet rather than a j 

conventional copper wire magaet was determined by the substantial power savings | 

offered by Hie cryostai magnet which, when charged, does not require a contmuous 
source of energy. Since two luagnets are required to eliminate the satellite dipole 
moment, and cancel the fringe magnetic field, the power savings are even more i 

impressive. Use of a superconducting magnet coil also provides improvements in 
stored field strengths when compared to ordinary copper wire magnets. 

b. HE-09-A, Large Hi^ Energy Observatory B; HE-12-A, Cosmic Ray Laboratory; and 
HE-I5-S, Magnetic Spectrometer, malce use of a superconducting magnet assembly in 
their magnetic spectrometers. 

c. Shorter charge/dis charge cycles increase maximum observation time on shoii: missions. 
Automafic foolproof <3barge/(fischarge cycles hlse improve safei^. 

d. Level of technical maturity is demonstrated when a supercooled dual magnet system has ' 

been successfully cycled several times during mission simulations in vacuum tanks via 
externally commanded automatic circuitry. ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 


TO BE CARRIED TO LEVEL 10 


7-41S 


PRECEDING PAGE BLANK! NOT FILMED' 


DEFINITION OF TECHNOLOGY REQUIREMENT 


NO.C, 18.2 


1 . TECHNOLOGY REQUIREMENT(TITLE) : Crvostat/Maenet Electromcs PAGE 2 OF ji. 
Decrease mastnet ohaypre & discharge time . 

7. TECHNOLOGY OPTIONS; 

a. The clmrge/discharge time of the cryostat magnet is determined by the amount of 
energy stored in the magnetic field. A substantial oharge/discharge time reduction 
could be obtained by reducing the energy stored in the magnetic field. However, a 
corresponding increase in the accuracy of spatial detection electromcs would be 
required to obtain the same ejiperiment results. 

b. The charge/discharge time of the superconducting magnet could also be decreased by 
increasing the charging current delivered to the magnet. Unfortunately, unless cur- 
rent density and/or superconducting material strength of the magnet are improved, 
the magnet size would have to be increased. 

c. Trade off between safety^ risk and time. More positive monitoring and control is 
required for shorter charge and discharge cycles. 

8. TECHNICAL PROBLEMS; 

a. The major problems are in increasing the magnets current density and increasing 
tlxe strength of the superconducting material. 

b. Necessity to avoid internal heating within the cryostat device during charge; during 
discharge energy in the magnetic field would need to be dissipated through diodes in a - 
resistor banlc. 

c. Weight and size of cooling and coil charging circuitry. 

d. Hazards of runaway energy dissipation. (Cont*d on Page 4) 

9. Potential ALTERNATIVES; 

a. Investigation into supercooled superfluid helium needs to be accomplished as weE as 
investigation of coE materials at higher temperatures. Lower heEum temperature 
may provide a higher safety factor. 

b. Foolproof activation of supercooled magnets by means of proven software routines 

and a ruggedized fecial purpose computer may be necessary to reduce hazard if a 
quick charge/discharge cycle is reig.uired, - / : 

10 . planned PROGRAMS OR UNPERTURBED technology ADVANCEMENT; 

W74-70389 (502-10-02) Research in Magnetics and Cryophysics, James C. Laurence, 

216-433-4000. (Didicates studies to achieve intense ma^etib fields with minimum mass 

requirements are being continued.) 


EXPECTED UNPERTURBED LEVEL _6 

11. RELATED TECHNOLOGY REQUIREMENTS; 

a. Accurate control Gircuitry is required to maiiitain the ma^etic field of the two air- 
borne magnets at the same strength to prevent satelEte from becoming a dipole and 
also to prevent introduction of error in other experiments. 

b. Giyogenic cooling and reliquifieatipn of helium will avoid heating of superconducting 
coils and alvnys maintain coils within LHe. 




DEFINITION OP TECHNOLOGY REQUIREMENT 


NO, G, 18.2 


I TEC IINOLOGY REQUIREMENT (TITT.E) Cryostat/Magnet Electron ics PAGE 3 OP 
“ ecrease maenet chareefe. discliarge Hme^ 


12. TECHNOLOGY REQUIREMENTS SCHEDULE i 

CALENDAR YEAR 


schedule item 


TECHNOLOGY 
1. Cbnoepts & Trades 

2 E35perinient Equipment 
* Design 

3. Pabricat^.an of Add-on 
Equipment 

4. Test -witli C3:yostat/ 
Magnet/Dewar 

5. Evaluation 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3 . Operations 


:{. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


U REFERENCES; 






(See Page 4) 


VLegend:^. 

Ml = Sortie Pli^t of Magnetic Spectrometer (HE-15-S) 

M2 - Automated Flight of Magnetic l^eotrometer (HE-09-A) 

M3 - Cosmic Ray Lab (^th advanced MagnetiG Spectrometer (HE^12r-A)) 


* £ VEL OF STATE OF AET^^^^^ ^ ^ 

1. it\oM PHENOMEM OBSERVED Aim 

2 . THEORY FORMULATED to DESCRIBE PlIENOMEKA. 

3. tstory tevted b\ physical experiment 

OR MAtJU MA HCAL MODEL. 

4* EJ3RTINENT FUNCTION OR CHARACTEiRISTIC DEMONSTI^ 

. . . .. .. 


5, COMPONENT OR flREAD.EOARD TESTED IN RELEVANT" 
ENVIHONMENT I.N THE LABORATORY* 

G, MODEL TESTED LNAmCRAFr. environment^ . 

7* MbbELTESTED >N SPL\^ENV1^ 

S. NEW CAPABtLlTY DERIVED FROM A MUCH LESSER 
OPERATIONAL MODEL. 

9* RELlAniLTTY UPGILVDING OF AK OPERATIONAL I^IODBL* 
10* LIFETLME EXTENSION OF AN OPERATIONAL MODEL* 










DEFINITION OF TECHNOLOGY REQUIREMENT NO. O. 18>2 

1. TECHNOLOGY REQUIREMENT (TITLE) r CrvostatAlagnet Eleotronic sPAGE 4 OF 4 



e. Quicker charge and discharge cycles have higher hazards. 

f . Liq.uid helium is diamagnetic and tends to form hubbies around super conducting 
magnetic coils. 


RtFERENCEb. 

a Summarized NASA Payload Descriptions Automated Payloads, Level A Data, NASA PDj 
July 1974, pages 52, 53, 58, and 59. 

b. Summarized NASA Payload Descriptions, Sortie Payloads, Level A Data, NASA PD, 
July 1974, pages 104 and 105. 

c. PreHminary Payload Descriptions, Vol. I, Automated Payloads, July 1974, pages 

2-103 thru 2-130. \ \ ^ 

d. Preliminary Payload Descriptions, Vol. H, Sortie Payloads, July 1974, pages 2-29 
t^ru2-56. 

e. part 1, Superconducting Magnetie Speetrometei’ Eiqperiment for HEAO Mission B , 

15 February 1972, University of California, BerMey, California. 

f. Performance Review No. 3 - Plasma Physics and Environmental Perturbation Labora- 
tory, 13 October 1972, TRW Systems, Redondo Beach, California, 

g. ''Superconducting Magnet and Cryostat for a ^ace Application" and" Low Heat Lealc 
Leads for Intermittent Use", G. F. Smoot, and W. L. Pope, Vol. 20, Advance in 
Cryogenic Engineering (1974). 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. 


C. 18* 5 


1 , TECHNOLOGY REQUIREMENT (TITLE) : Filter for Gravity Grad -^ PAGE 1 OF 3 
iometer Analog /Digital Filtering — Approach theoretical measurement accuracy 


TECHNOLOGY CATEGORY; Instrumeiit Electronics 


3. OBJECTIVE/ ADVANCEMENT REQUIRED: FRter analog signals to such, a degree tha t 
19 bit aimlog to digital conversion accuracy may be obtained. The signals are ex- 
pected to be obtained from 4 mesa accelerometers. If signals are digital, 

a computer programmed filter is applicable. 

4. CURRENT STATE OF ART: Cb^cuitry for measurements with 12 bit accuracy are 
available. Current gradiometer designs have achieved 1. 0 EP* accuracy. 

HAS BEEN CARRIED TO LEVEL 5 


5. DESCRIPTION OF TECHNOLOGY The 

The gradiometer is expected to provide gravity measurements with an accuracy of 
0. 01 EU^'itt tbe background field of the earth of 3000 EU.* To accomplish this accuracy 
the output of the gravity gradiometer must be read to 19 bits of accuracy. This requirej 
the gradiometer output to be very accurately filtered in order to suppress signals 
arising from system noise and from components of the nutation frequency occurring at 
the signal frequency. Current state of the 3.rt analog filters do not have this aQcurac 5 >‘. 
The filtered signal must the a be digitize d to an accuracy of 19 bits . Analog to digital 
conversion of 12 bits can be accomplished with present state of the art. 


^1 EU = 1 Ebtvbs unit = 10“® gal/cm where 1 gal ~ 1 cm/sec^ 

P/L REQUIREMENTS BASED ON: 0 PRE-A, □ A, □ B, □ C/D 


6 . 

a. 


b. 


c. 


d. 


RATIONALE AND ANALYSIS: 

Due to varying amplitude of gravity gradients with altitude, the satellite orbit should 
be as low as satellite drag will allow. The nominal altitude of 300 km was chosen. At 
this altitude the gravity gradiometer output would have to be measured Within , 01 EU 
to obtain mission objectives, thus requiring 19 bits of data to achieve desired meas- 
urement accuracy. 

The gravity gradiometer experiment is scheduled to be conducted on the OP-02A 
Gravity Gradiometer payload. 

Resolution of earth subsurface mass distribution boundaries are presently on the order] 
of 1000 Ion or more. The proposed gravity gradiometer measurements to an aceuraey 
of 19 bits (. 01 EU) will provide ibatmdary resolutions to approximately 100 Ion and 
permit earth’s gravity field and geoid to be measured with a spatial resolution of 1 or 
2 degrees and 0. 1 meter in height. 

The extension of the capability of current operational mod,el(s) will saitis:^ this 
technology requirement. 


TO BE CARRIED TO LEVEL _a 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-18.5 


1 . TECIINOLOGY REQUniEMENT(TITLE): FUter for Gravity Grad- PAGE 2 OF 3_ 
iometer Analog /Digital Filtering — Approach theoretical measurement accuracy 


7. TECHNOLOGY OPTIONS: 

a. . Rather than trying to filter out frequencies that do not divide the data frequency evenly 

a system of measuring these errors and subsequent correction of the digitized data imyj 

be more efficient. This increases the satellite data processing requirements. 

b. Since the earth’s gravitational field changes very slowly, high speed digital sampling 
and digital reconstruction of the gradiometer output waveform is an option that should 
be further exploited. 

c. A eoiiStant bias may be used to remove earth's 3000 EU signal, thencdly 12-bit 
acsiiraGy is needed. 


a. 


a. 


TECHNICAL PROBLEMS: 

Filtering and digitizing the gradiometer output signal to 19 bit accuracy 
require extremely accurate and stable electrical component character- 
istics. In addition electrical noise generated by the components could also 
introduce error into the digitized output signal. Different filtering is neede(^ 
for different gradiometer s particularly where instrumental errors need to 
be removed. 

In order to prevent filtered frequency shiftSjthe electronic cirajdtry v/ould 
have to be in a thermal controlled thermal environment. 


9. POTENTIAL ALTERNATIVES: 

a. Digital filtering of the gradiometer output is most likely and enables 
instrumental error correction flexibility. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 
No advance will be made siuce only NASA bas the 0.01 EU requirement. 


EXPE CTED UNPERTURBED LEVEL _5_ 


delated TECmOLOGY SEQUmEM^^ 

a. Once die analog filtering of the gradiometer output is completed the analog 
to digital converter will have to be accurate to at least 19 bits. (If digital 
outputj. computer program used for detection. ) 

b. Calibration of the nutational frequency would have to be accurate and stable 
in order to prevent harmonics from passing through the analog filter and 
being digitized, 

c. Dynamic errors (alignment, etc.) would have to be eliminated. 


7-420 
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DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. C-18.5 


! 1. TECHNOLOGY REQUIREMENT fTITLE); Filter for Gravity Gra d- i-AGE 3 OF^ 
iometer Analog /Digital Filtering — Approach theoretical measurement accuracy 

I 12, TECHNOLOGY REQUIREMENTS SCHEDULE: 

__ CALENDAR YEAR 


SCHEDULE ITEM 


TECHNOLOGY 
•i TheoreHcal 
* Analysis 
o Filter Concepts 
and Trades 

„ Ebcperimental Filter 
Programming 

^ Test with simulated 
■ dgnals 

5. Evaluation 


APPLICATION 

1. Des^n (Ph. C) 

2. Devl/Fab (Ph. D) 
2, Operations 



13. USAGE SCHEDULE: 


1 ECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 



REFERENCES; | 

Summarized NA^ Payload Descriptipii, Automated Payload, Levfl A Data, NASA PDj 
July 1974, pages 104 and 105, ! 

Preliminary Payload Descriptions, Vol I, Automated Payloads, July 1974, j^ges 
6“19 thru 6-^37 . ,i 

Earth Physios Gravity Gradiometer Study, JPL Report No, 760-70 (J. A, Gardner 
Team Leader, E. J, Sherry Study Leader), May 1972. 

AFCRL-TR-0535 Application of Kinematical Geodesy for Determining the 
Short Wavelength Components of the G-ravity Field by Satellite GradiOmetry, 
GSFG Science Report 201, Ohio State, George B. Reed, March 1973 
GSFC Report X-632-74-286 On Estimating Gravity Anomalies from Gravity 
Gradiometer Data, P. Argentiero, R, Garza- Robles i Sept. 1974 
Review of Gravity Gradiometer Techniques for- Geodesy, Hughes report RR 469, 

R, L. Forward, May 1973, 

LEWeL OF State 6f art s, component or mKADBOAHn tested in kelevaht : 


X, BASIC SHENOMt 'JA OBSERVED AND BEPORTBD. 

2. TiiEORy foumuiaied to describe PUENOMENA, 

3 THEOR p.S'rBD BY PIITfSICALEXPERIJlENT . 

PR ^WTI>EMA'r^CAL MODEL. 

4. PERTINENT FUNCTION OR CUARACTERISTIC DE MONSTEATBD, 
E.C MATEIUAL, COMPONENT, ETC. 


5. COMPONENT OR mEAliBOAiSD TESTED IN JIELEVAHT : 

ENVIRONMENT IN THE LABORATORY. 

6 . MODEL TESTED In AmCRAET ENVIRONJlENT. 

7. MODEL TESTED IN space ENVIRONMENT. 

. 8. NEW CAPABILITY DERIVED PROM A MUCH LESSER 
OPERATIONAL MODEL. 

9i RELIABILITY UPGRADING OF AN OPERATIONAL MODEL. 
10. ilPETLME EXTENSION OF AM Ol’LRATlONAL MOhEL. 







DEFINITION OF TECHNOLOGY REQUIREMENT jSfO, 

1. TECHNOLOGY REQUHiEMENT fTITLE): Onboard Software, for . PAGElOF JL- 
payload monitoring control, checkout, redundancy management and rendezvous and docl dng. 

2 . TECHNCJLOGY CATEGORY: Software ' 

3. OBJECTIVE /ADVANCEMENT REQUIRED: Achieve a signifioatit reductioa ( 4:1^ in 
software cost to reduce projected software cost to 10% of total payload cost. Redu otio ns 
in software costs must be acMeved in concert with minimum systein costs. 

*1. CURRENT STATE OF ART: Software cost is greater than hardware cost. Techniques 

have been proposed hut not demonstrated. HOL computers may decrease software develop - 
ment; their architectures have been studied. HAS BEEN CARRI1']D TO LEVEIj !7 

5 DESCRIl’TION OF TECHNOLOGY J Onboard software programs are required for con- 
trol and monitoring of automatic functions performed by onboai'd computers. Onboard 
functions can be implemented either by computex' software or dedicated hardware. Com- 
puter software is more flexible and can be changed more easily than dedicated hardware to 
adapt to new or changed requirements. However, debuggir® and verifying software can be 
very expensive. New techniques to reduce software .velopment cost are necessary to get 
maximum useful data from experiment operation in space. 

Software techniques must be developed for manned intervention into the automatic soft- 
ware controlled computer processes by interactive grupbics type terminals on-board 
and/or on the ground. This will allow the operator to alter the automatic process or to 
obtain additional data not made available to the operator on a routine basis. 

The development of optimum software control strategies and control factors for executing 
planetary terminal rendezvous and docldng maneuvers is a complex procedure that involves 

а. great deal of trial, iteration and refinement. Methods for opthnizing the initial closing 
AV maneuver, the subsequent range rate and line of si^t control, and the docking algorithm 
must be analyzed and then demonstrated in a computer and by physical simul atio ns. 

. P/L REQUIREMENTS BASED ON: g) PRE-A,Q A, G B, D C/D | 

б. RATIONALE AND ANALYSIS: 

The advanced technology is required to reduce the cqst of software development includ- 
ing documentation by approximately a factor of fotir as per above objective, 

b. All payloads will probably use a computer so all are Hkely to benefit 

PL-Ql-A, Mars Surface Sample Return, will benefit from the planetary rendezvous 
and docking teohnology advancement. 

c. Lower cost software development will allow more of the money available for the pay- 
load to be spent oh hardware to provide more and/or better data for the expexhmehter. 

d. Some sofiware techMques can be Remonstrated by analysis, others by being applied to 
a current software development for another program. 

PAGE 

TO BE CARRIED TO LEVEL 8 

. 7M423, , . : 


DEFINITION OF TECHNOLOGY REQUIREMENT NO, C19.1 

1 TEC UNCjEOGY nEQUIJlEMENT(TITLE> Onboard Software, for PAGE 2 OF 3 

paylond numitoring control, checkout, redundancy management and rendezvous and docldng . 

7 TECHNOLOGY OPTIONS; The following technology options should be considered to 
reduce software development cost; 

a. Establish standardized software management guidelines and rules for the utilization 
of the "top down” and '’structured programming" approaches to software develop- 
ment including such roncepts as librariair and chief programmer concepts. Develop 
standardized approach to rec^uirements and specifications Develop automated doc- 
umentation ^.uneration tecliniques. Develop standardized utility software for both 
ground and oinjoard use. 

b. Develop a gener alized checkout philosophy utilizing an optimum combination of 
software and hardware performance monitoring such as test pattern generation 
progi’anis. 

c. Develop redundancy management techniques utilizing cost effective combinations 
of autonomous onboard control and ground f^ontrol. 

d. UHlize HQL to i-educe software cost. The concept of a HOL machine should be 
cu- •dered. 

e. Develop architectural and data base designs that allow ease in implementing appli- 
eatiofi software. 

1. Develop microcoded operators/operands at both algorithm and software system 
level. 

't. TFC’HNlCAL PROBLEMS; 

Early and iirm speciflcatibn of the fimctionai and reliability requirements^ load and 
througl:ipw or respoiise time requirements, plus the resourceg (CPU, memory, 
periphet li- and special purpose liardwarel that will be available to the software 
progran 

Determination ol tradeoffs between flexibility oi larger processor and the use of 
independent lirrow ii • modules. 

IT" potentiaT"^ternatives: 

a. DO: tata pro* epsiag on ground with man assistiincB. 

b. Reduce amount oi data collected and/or processed. 

c. Reuse software previously developed for other programs. 

10 PLANNED PROGlhAMS OH DKPERTUKBED TECHNOLpGY ADyANCEMENT; , 

RTOP W'-'^S (656-12-01) j Systems Analysis, Concepts and Moiling for 
Optimum Data Flow, NASA/MSFC, G. F. McDonough. (205) 453-3723. 

i TOP W74- 70358 (502-23-32), Automated Data Htmdling Tocbmques and 
(h)mpDnents> :GSFC, p, Schaefer^ (301)^^ ; 

Feasibility Study of Uiimarmed Rende-; vous and DocldEg in Mars Orbit, NAS 7-100, 

June '74. lEi^PCTEl)' 

- : ■■ ■ - • ■ ■■ - • ■ : ■ ■■■ ' I ' > - ■ ■ 1— 

i ' RFLATED TECHNOLOGY REOmRFMENTS!^^^^^^-^ 

a. :Lqw cost , low weighty low power c omputer memories. - 

b. Fast., low weigjit computers. 






DEFINITION OF TECHNOLOG’i? RECj JIKEMENT 


NO. 


C19.1 


1 . TECHNOLOGY REQUIREMENT (TITLE) ; Onboard Software, for ... PAGE 3 OF ^ 
payload monitoring control, checkout, redundancy management and rendezvous and docking. 


12 . TECHNOLOGY REQUIREMENTS SCHEDULE : 

CALENDAR YEAR 


SCHEDULE ITEM 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


TECHNOLOGY 

1. Parametric Analysis [ 

2. Selection of Techniques 

3. Demonstration Plans 

4. Perform Demonstrations 


APPLICATION 

1. Design {Pliase C) 

2. Devel. /Fab, ( Phase D) 

3. Operations 




13. USAGE SCHEDULE: 


TECHNOLOGY NERD DATE 


TOTAL 


NUMBER OF LAUNCHES 


TT 

2 


1364 


14. REFERENCES: 

a. Summarized NASA Payload Descriptions, Sortie Payloads, Level A, July 1974, NASA/ 
MSEC. 

b. Summarized NASA Payload Descriptions, Automated Payloads, Level A, July 1974, 
NASA/MSFC. 


Legend; 


T: 


Tedmology 
— : Automated Operations 

T 1 ; PL“01“A , Mars Surface Sample Return 


15. LEVEL OF State OF ART 

X. BASIC PHENOMENA OnSEn\TD AND HEPOHTED. 

2. THEORY rOUMULATED TO DESCKIBE PHENOMENA. 

8, THEORY TESl’ED BY; PHVSICAI. EXPEIilSlENT 
OR JIATIlEMAtlCAI. MOBBI.. 

4, PERT1NE.NT ITNCTION OH CitARACTERlSTIC DEMONSTRATED, 
E.C., MATEKIAE, COMl>ONENT. ETC. 


5, : COMPONENT Oil EREAD^AnD TESTED IN RELEVANT . 

ENVIRONMENT IN THE LABORATORY* 

6, MODEL TESTED IN AmCILAl-T ENVinONMENT. 

7, MODEL TESTED IN SPACE ENmONMENT* 

B* NEW CAPARlLlTy DERIVED FROM A MUCH LESSER 
OPERATJONAL MODEL* 

9* HELLABTLITY UPGRADING OF AN OPERATIONAL MODEL, 
10 * LIFETIME EXTENSION OF AN OPERATIONAL MODEL, | 


7-425 


DKl^INITION OF TECHNOLOGY REQUIREMENT wn C19.2 

1 . TECHNOLOGY REQUIREMENT (TITLE) : Software for GN&C; to PAGE 1 OF 
support high accuracy earth aud planetary observation ejqperiment pointing 

2. technology CATEGORY; ____Software 

3 . OBJECTIVE/ ADVANCEMENT REQTITHEP . An ac c uracy of 5in is required for earth 
observation mapping experiments 


4- CURRENT STATE OF ART: Accuracy in the range of 30-100m is quite reasonable. 

The AF Global Positioning System is in development. 

HAS BEEN CARRIED TO LEVEL 

5, DESCRIPTION OF TECHNOLOGY: The altitude and the required ground resolution de- 
termine the accuracy with which the orbit elements and attitude variables must be known. 
The error sources do not have comparable effects on image quality. An error in altitude 
effects scaling whereas along-track and cross-track errors in orbit elements affect posi- 
tioning, All angle error about the local vertical does not have the same Mnd of effect as 
angular errors about the other two axes. Moreover, some of these error sources may not 
be clearly distinguishable. For example, an angular error about the velocity vector has 
effects somewhat similar to a cross-track orbit error. Therefore, the overall picture 
quality depends heavily on how these errors are estimated and eliminated. 

The highly accurate navigation required probably cannot be accomplished 
by an autonomous on-board inertial reference system. Some form of landmark 
tracking combined with star tracker, horizon sensor, and TDRS tracMng will be 
used. This multisensor correlation along with pattern recognition for landmark 
tracldng will involve the development of new software techniques beyond those 
used for the Orbiter vehicle. 


P/L req uirements BASED ON; 0 PRE-A,n A. Q B,n C/D 
6. RATIONALE AND ANALYSIS: 

a. Accurate navigatioTi is required to allow registration accuracy to 0. 1 picture elements 
(pixels). New software techniques can increase the navigation accuracy utilizing the 
outputs of advanced GN&C equipment. 

b. Benefitting payloads are: EO- 08- A, Earth Observatory Satellite, EO-61-A, Earth Re- 
sources Survey Operational Sat. , OP-02-S, Multifrequency Radar Land Imagery, 
OP-05-S, Multispectral Scanning Imagery. 

c. Better picture qualify will be possible. 

d. Technology objectives can be demonstrated by flying a model of the instruments and 
the corresponding software on a Shuttle sortie flight. 

Initial demonstx'ation test will be performed in tlie laboratory. 

PRPX^iroiNG MGl? BLANK N()T m 

\ ■ TO BE CARRIED TO LEVEL _8 



^ ■ "" — ' ' ; ^ 

DEFINITION OF TECHNOLOGY REQUIREMENT NO, C19.2 

1, TECHNOLOGY REQUIREMENTfTITLE); Software for GNfcCi to ^ PAGE 2 OF X 

support high accur acy earth and planetary observation e;^eriment pointing ■ 

7, TECHNOLOGY OPTIONS; ~ ~ — — - 

Accurate navigation (position determination) cannot be acMeved by software alone. lEgb 
accuracy gyros, accelerometers, star trackers and horizon sensors are also required. 
Proper data processing of the outputs of these components can enhance the navigatioii 
accuracy. 

Options include various combinations of the use of sensors such as inertial platform 
(gimballed or strapdown), star tracker, horizon sensor, landmark tracldng, 

TDRS, ground tracldng update. Passive ranging techniques With interferometric landmark 
tracking may closely satisfy requirements. Use Kalman ftltering to combine data from 
vari- d sensors to achieve improved accuracy. 


8. TECHNICAL PROBLEMS; 

a. Development of accurate hardware sensors. 

b. High speed computational capacity. 

c. State determination using landmarks in image data (e.g., cataloging, landmark 
identification, etc.). 

d. State determination using integrated multis^sor data. 

9V iotentialalt^^ 

a. Ground tracldng for spacecraft position determinattou. 

b. TDRSS traeldug for spacecraft position determination. 

e- Use of the Tri-Service Global Positioning !fys tern (NAySTAR). 

d. Use of space sextant with a measurement accuracy of one arc-sec or less. 


10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADt^NCEldENT: 

a. W74-70709 (310-10-22}j Mission Support Computing ^sterns and Techniques, GSPC, 

D. S. Wbolston, (301) 982.5mL 

b. W7 4-70380 (502-33-41), Guidance and Navigation for Unmanned Planetary Vehicles, 

JPL, Robert V Powell, (213) 354-6586, 

c. High AlUtud^e Navigation Teclmolog'y, SAMSO/DYAG, 1st Lt. Gary GreeiHeaf, 

(213) 643-1414. EXPECTED UNPERTURBED LEIHSL _7„ 

11. RELATED TECHNOLOGY REQUIREMENTS: 

Dev^opment of accurate na^dgation sensors. 

Development of accurate attitude control and pointing control. 

Development of clock accurate to 0, 001 seconds. 


Y- 



DEFINITION OF TECHNOLOGY REQUIREMENT 


. NO, C19.2 



1. r.,-v iiiT 9 TnT^F.M fatt (TTTT.F.^ ■ Software for GN&C; to PAGE 3 OF _L 

support high accuracy earth and planetary observation experiment pointing 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR YEAR , 


SCHEDULE ITEM 


TECHNOLOGY 

1. Options & Param. Analy. 

2, Design Model 

3, Build Model 

4. Test Model 


APPLICATION 

1. Design (Phas C) 

2. DeveL*/Fab. (Phase D) 

3. Operations 

13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE ^ j Total 

NUMBER OF LAUNCHES 2 6 6 js 5 4 3 4 6 5 6 3 4 60 

14. REFERENCES: 

a. Summarized NASA Payload Descriptions, Automated Payloads, Level A Data, July 1974, 
NASA/MSFC. 

b. Summarized NASA Payload Descriptions, Sortie Payloads, Level A Data, July 1974, 
NASA/MSFC. 

c. Advanced Scanners and Imaging Systems for Earth Observations, NASA SP-335, 1973, 
pp. 459-60. 

Legend: 

T Technology 

« Sortie Operations ■ . 

Automated Operations 

T1 EO-08-A, Earth Observatory Satellite 

T2 EO-61-Ai Earth Resources Survey Operational Sat. 

T3 OP-02-S, Multifrequency Radar Laud Imagery 

T4 OP-05-S, Multispectral Scanning Imagery 


15. LEVEL OF STATE OF ART 

1. a^SlC PflEKOMEN'A OIBEKVTD AXD REPORTED. 

2. TjmOHy TOHMUIAtEO TO DESCm^ PllENOMEiW.. ' 

3. TtlEOm- TESTED nv PlIYSICAl. FJCrERlMEMT 

.Oil MATIIESIATICAL MODEL. | 

4. PEK'J tSENl' tTlKCTiOKOR CUAlLVCTElUSXlC UEMONSTHATED, 

E.G., MATEULIL, COMPO.VEET, ETC. 


5. COMPOKENT on RIlEADBaAnD TESTED IN HELEVAET 

ENVIRONMENT ra THE LAISOJUlIORY. 

6. MODEL TESTED IN AIRCRAiT ENVIRONMENT. 

7. MODEL TESTCD IN S’S.'LCEiENVlRONJIENT.- : 

B. NE\V CAPAraLm- DERIVED PROM A MUCH LESSER 
OPERATIONAL MODEL. 

9, RELIABILITY UPGRADING Of . Ali OPERATIONAL JlODEL. 
10. lifetime EXTENSION OF. \N operational MODEL. 







DEFINITION OF TECHNOLOGY REQUIIiEMENT 


Revised lZ/2/74 


NO. C19.3 


1. TECHNOLOGY REQUIREMENT (TITLE) : Software for Attitude paGE 1 OF _3_ 

Control; Accurate Pointing of Experiment Sensors 


2 . TECHNOLOGY CATEGORY; Software ■ ^ ^ 

3. OBJECTIVE/ ADVANCEMENT REQUIRED: Attitude sensing accuracy of =fcO. 0001 to 
0.001 degree and traelcing error signal of 0.1 to 3. 0 arc see are requii’ed to allow accurate 


compai'ison oi picuire elements data irom 
surface* ^ 




ews OI Liie same arcs on tne earmvs 


4. GURTIENT STATE OF AKT: Military METSAT is capable of ^ 0 , 01 degree sensing 

accuracy using strapped down inertial measurement unit and star sensors* 

3 arc sec is achieved, currently on the NASA/ Ames G^141. Also OAO spacecraft 
are in operation. ■ HAS BEEN CARRIED TO LEVEL 7 ^ 


5. DESCRIPTION OF TECHNOLOGY: The earth observing sensor carried as a payload 
on a platform naturally imposes certain requirements on the nature and quality of platform 
motions, and the knowledge Of such motions. To accurately locate a desired target on the 
ground within the sensor field of view, it must be possible to orient a platform-to -ground 
line-of-sight vector to adequate accuracies. Tlie variables defining the platform trajectory 
{or orbit) and orientation (or attitude) must be known accurately to allow precise identifica- 
tion of the intersectiou point of the line-of-sight vector with earth's aurface. Each of 
these variables has a separate accuracy requirement. 


P/L REQUIREMENTS BASED ON; [1 PRE-A,Q A,D B,D C/D 

6. RATIONALE AND ANALYSIS: 

a. Attitude sensing accuracy of i O. 0001 to Q. 001 degree and tracking error signal of 0.1 tp 
0.3 arc sec are required. 

b. Tlie beuefitting payload is EO-61- A, Earth Resources Survey Operational Sat. for the 
sensing accuracy of ± 0* 0001 to 0. 001 degree. Most of the Astronomy and High Energy 
Astrophysics payloads will benefit frQm" the requirement for tracldng error signal of 
0.1 to 0.3 arc sec. 

c. Earth sensing data wiR be able to be geometrically corrected to abovct one tenth of an 
IFOV. This will be critical in operaftonal earth resources- and cartographic missions 
requiring precise location of features on the ground. 

d. The technology can be denronstrated by flying a model of the hardware and software in 
an orbiter mission. 


tBECEBINS PAGE BLANK NOT FttMED. 


TO BE CARRIED TO LEVEL 






DEFINITION U I TEC liNOLOGY RKQUlIiElVlENT NO. C19,3 

1, TECHNOLOGY REQtJIREMENT (TITLE); Software for Attitude Control ;pAGE: 2 OF J. 

Accurate Pointing of Experiment Sensors _______ 

7. TECRNOl.OGYvIPTIONS: 

Tecliniques Hmt extend the use of Kalmmi filtering, coordinate conversions, ^d closed 
loop actuator control beyond the current state-of-the-art. 

Software for new computer architectures for hi^ rate and precision computations. 

Use of a space sextant, an inertial platform and a Kalman filter attitude determination 
pi’ogi’am. 


8. TECHNICAL PROBLEMS: ®^Odies and desigia efforts by Draper Laboratories (1972), 
TRW and Honeywell, indicate that attitude accuracy of 18 mieroradians (0. 001 degree) one 
sigma, or better, without using payload sensor data, may be achievable within the next 
sevei’a! years if adequate efforts are made. MMC believes attitude accuracies of 0, 0001 
degree (one sigma) may be achievable by 1979 using a space sextant. 

Tiere is no insm'mountable technological barrier in achieving post flight attitude determina- 
tion accuracies below 10 mieroradians for the several minutes of time an ERTS-type satel- 
JLitfi-t alrpfi fn paga nvpv tlip nontinpntal TTnitsd Statsfi. — __ — __ — — — — 

9. POTENTIAL ALTERNATIVES: 

a. Use post-flight smoothing and apply attitude and orbit corrections during data processing 
to improve image quality, 

b. . Use ground based precision orbit and attitude determination systems wdth a loosely 

controlled low jitter platform. ‘ 

G. Use self contained motion or jitter compensation hardware and software to improve 
image quality 

10. PLANNED PROGRAMS; OR UNPERTURBED TECHNOLOGY ADVANCEMENT: 

a, W74-70354 (5G8 -23-43), Advanced Components for Precision Control Systems, GSFC, 

H. E. Ei^ans^ (30^^^^ 

b, W74-70458 {1?5-31^41), Spacecraft Subsystems Analysis and Design, GSfC, 

John Flaherty, (301)-982-6862. 

EXPE CTED UNPEE.TURBED LEVEL jV 

11 . RELATED TECHNOLOGY REQUIREMENTS: 

a. Development of precision attitude sensor. 

b. Low jifter electromechanical scanner. : ^ ^ 


• 7 - 432 ^^ 
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. 'J’ECIINOLOGY REQUIREMENT fTn'T.l<:)r Software for Attitude 
Control; Aecui’ate Pointing of Experiment Sensors 


page 3 OF 3 


12. 


CALENDAR YEAR 


SCHEDULE ITEM 

75 

7G 

77 

78 

79 

so 

81 

82 

S3 

84 

85 

86 

87 

88 

89 

90 

91 



rECHNOLOGY 
1 . Parametric Analysis 
3. Design Software 
3. Integrate w/Hardware 
1. Test Model 


■ 









• 






■ 



APPLICATION 
1. Design (Phase C) 

3. Dc vvl. /Fab. (Phase D) 
3. Operations 



— 
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13, USAGi: SCHEDULE: 













^ 















TECHNOLOGY NEED DATE 




T. 












~ 


Total. 

NUM HER OF LAUN CHES 


n 

T2 
T3 i 



1 ; 
12 

i' 

17 

2 

X 

21 

1 

1 

20 
4 1 

1 

21 

2 

1 

23 ' 
3 

1 

24 

1 

1 

25 

5 

1 

23 

2 

1 

24 

2 

1 

22 

t 

22 

2 

1 

24 

3 

309 

14 


|i. Summarized NASA Payload Descriptions, Automated Payloads, Level A Data, July 1974, 
NASA/MSFC, p.98. 

jlo. Advanced Scanners and Imaging Systems for Eartli Observations, NASA SP-335, pp. 
432r-65V- ^ 


6. Statement of Work, Spacecraft Adaptable Software Concept Study, NAEA/L;a.Rc^ 
March 29, 1974, EFP 1-15-4529. 


Legend; 

T Technology 
T1 EO~6I-Ai 
T2 Astronomy Payloads 
T3 


15. LEVEL OF STATE Of ART 

1. mstc phenomena ODSBRVKD ASn REPORTED. 

2. TIlBOUy FOHJiei.ATED TO DESCUinE PliEKaMEI>IA. 

3. THEORY TESl’KD I<Y PHVSICAl. I"\PER1MENT 

on MATHEMATIC.AL MODEL. 

4. PKW JNEXT I'-UNCTiON OR eilAI«;GTEhlstlC DEMONSTRATED; 
E.G., M-ATERIAL, COMPOXtKT, ETC. 


5. COMPONENT OR BREADBaAPJJ TESTEp JN RELEVANT; 

EKVIHON.MENT IN THE LABORATORY. 

6. MODEL tested IS A1RCR\IT ENVUIOSMEKT- 

7. MODBI# TESTED IS SITACE E^^V!RON^rENT* 

fl* NEW CAPAlUiil'rY DEIU\^£D FROM A MUCH LESSER 
□PEItATiONAl. MODEL, 

■■ 9/ REtlABILlTY URGRAlilNG OF AN OPERATIONAL MODBU 
10, LIFETIME EXTENSION OF AaN OPCnATlONAL :^1QDEL, 



DEFINITION OF T’LCHNOLOGY REQUIREMENT 


NO.C-19.4 


^ ^ ■ • ■ - ■ 

: :li ^ ^1. TECHNOLOGY REQUIREMENT (TITLE) : SOFTWARE, f or . PAGE 1 OF 6 

I ^ ^ 

experiment operation accurate control, monitoring, quality con- 
trol, high data rate processing. 

\ . TECHNOLOGY CATEGORY : Software/Computer Configuration 
I . OBJECTIVE/ADVANCEMENT REQUIRED ; To develop technology of soft- 
ware and hardware configurations to provide maximum data proces~ 
sing support for real time experiment operation* 

4. CURRENT STATE OF ART : OAO operates five experiment functions 
i concurrently , The C-141 is flying with up to ,5 o o mputers to operate 

■ one primary and two secondaiy expeiuments HAS BEEN CARRIED TO LEVEL 7 

5 . DESCRIPTION OF TECHNOLOGY 

, Payloads require data processing support for automation of func- 
{ tions that the experiment operator cannot directly aGGomplish. 

■ The amount of useful data obtained during a mission is directly 
• related to the efficiency with which the experiments are oper- 
ated. Data processing automation is required to allow up to 85 
experiments to be operat ed concurrent ly and monitored by one or two observ- 
ei’s. Software and computer configurations to iDi’ovide the necessary data processing 
support must be developed at a reasonable cost. 

a,[]b,[]c/d 


P 0 . RATIONALE AND ANALYSIS : 

i: a. Many basic software/hardware configurations exist that pro- 

vide data processing support to automate equipment operation. 

;! Two examples are process control computer systems and 

, Ij avionics computer systems. These existing systems are not 

capable of handling the complex data processing task required 
il to automate the cperation of the experiment payloads such as 

I those that require pointing as many as 6 sensors in different 

directions concurrently, fast fourier transform with 10® 
p spectral elements, determining and displaying contours from 

I , image data, software to support Livermore AEG type display 

i ^ with color resolution equivalent to 4096 gray levels (false color technique) 5000 ^ : 

: 1 5000 point resolution image (8 bits per point) superimposition to improve dyoamic 

range and reduce data rate to ground. Table 1 shows some typical payload data 
; processing requirements. (cont’d on page 2) 


P/L REQUIREMENTS BASED ON : 


X 


PRE 


-A,n 










DEFINITION OF TECHNOLOGY REQUIREMENT NO . C^19 .4 


I 1 . TECHNOLOGY REQUIREMENT (TITLE) : SOFTWARE, for PAGE 2 O F 6 
experimeiat operation accura1:e control, monitoring, quality con^ 
trol, higli data rate processing. 

6. RATIONALE AND ANALYSTS (CONTINUED) 

b. All payloads will benefit , in particular AS-31-S, combined 
AS«01, -03, -^04, -05-S, and SO-Ol-S, dedicated solar sortie 
mission (DSSM) . 

c. Experiment operator must have very effective data processing 
support to monitor several concurrently operating experiments 
for proper operation and to make necessary adjustments to 

I experiment operation tjased on the quick look data. 

I 

;d. The level of technological maturity is the laboratory simu- 
lation of software techniqties being developed. This simu- 
lation should demonstrate that an operator caxi monitor and 
. : control a full set of experiments concurrently. It is also 

necessary to demonstrate that data processlhg hardware 
techniques are available to implement the software techniques 
1 that have been developed. It is important that hardware 

size, weight and electrical power requirements are /compatible 
t with the Orbiter PSS and pallet mounting locations. 

j TO BE CARRIED TO LEVEL .8 

i 7. TECHNOLOGY OPTIONS: 

The fellowing items need to be traded for application to providing the required soft- 
ware/computer coiifigurations: 

1. Use a voice recognition processor to execute commands spoken by the airborne 
experiment controller. 

2* Develop a general purpose, real time mriltiprograrnming executive and 
integrate it with a microprogratnrnable processor to reduce executive 
overhead and achieve flexibility. 

3. Demonstrate software executive control of a configtiration of CPUs in a multi- 

j processor donfiguration with memory in bloohs to Individual 

I CPUs with CPUs dedicated to fonctional sets of sensors provided by d particular 
, experimenter. Subgroups of CPUs should operate as a multiprocessor or perform 
paraUel processing for sensor data channels. Software and hardware should he 
dynamically reconfigurabie for CPtJ or memory failures and Adapt to proGessing 
requirement changes. 

4. Identify and develop generalized utility programs of general use to a large number j 

of payloads such as data formatting, data display. si 

5. Establish efUcieut techniques for veri^lng and validating computer programs by use 

I of a software generator system and interpreUve language techniques to Assure that new 
^software dr new Gonnnmid sequenoes existing spffware operation. ' 

7-436 " ■ 


DEFINITION OF TECHNOLOGY REQUIREMENT 


NO. g-19.4 


1. TECHNOLOGY REQUIREMENT (TITLE): Software, for experiment PAGE 3 OF 6 
operation accurate control, monitoring, quality of control, Mgli data rate processing. 


7. TECHNOLOGY OPTIONS (Continued) 

Develop proof of correctness teolmiques for pliecldng out key elements of software such as 
executive. 

6. Develop software for an RF or light multiplexed data bus operating at 100 mhz (for 
example) with 20 or 30 separate 1 or 2 Mbps digital buses for separate functions or sensors 
as required to operate either under computer software control or under sensor control. 

7. Select and/or develop standard data compression techniques to be applied to sensor 
data to be recorded or transmitted to ground. Demonstrate the separation of information 
fx'om data at the sensor to reduce data rates. The scientists must be assured tliat no useful 
data is lost, 

8. Develop hardware/software techniques for accurate time correlation of experiment 
data. 

9. Develop methods of monitoring and displaying sensor data efficiently to determine if 
real time adjustments need to be mode in the experiment operation. 

10. Develop techniques for a real time virtual memory implementation. 

11. Develop a set of standard, flexible software modules to meet all payload requirements 
by standardizing hardware interface with computer. 

12. Develop computer input/output teclmiques to handle high data rates (up to 700 Mbps total 
for SO-Ol-S) by use of dedicated data, processors for each sensor to reduce date rates. 

High date rates exist only in each experiment and each Individual sensor. 

13. Develop a standardized central stratum for use with those payloads using distributed 
computers to eliminate control and allow another computer to assume the primary functions 
of a failed computer. 

14. Develop techniques to reduce overhead during software execution (more efficient 
executives). 

15. On-board imageprocesslng for conical-scan conversion. ^ef. f. ,p. 506). 

16. Develop micro-processor capability to handle man/machine conversions of data fox’ use 
with operatox’ control displays. 

The critical pax’aineter is the degree of payload automation required to allow one observer 
to monitor multiple experiments operating concurrently with simple low cost software and 
compact, low weight, inexpensive hardware. 


7-43 




DEFINITION OF TECHNOLOGY REQUIREMENTS 






■ ■ 't 


NO.C^-lS.'i 


1. TECHNOLOGY REQUIREMENT (TITLE) ; SOFTWARE , for P AGE 4 OF 6 
experiment operation accvirate control, monitoring, q.uallty con- 
trol, high data rate processing. • 

8. TECHNICAL PROBLEMS: 

1. Early determination of detailed data proceesing require- 
ments from experimenters , Degree of automation allowed by experi- 
ments must be denned early. 

2. Reduction of software complexity, 

3. Real time 10® point fast fourier transformation. 


9. POTENTIAL ALTERNATIVES: 

1. Extensive use of ground facilities. 

2 . Limit the number of experiments carried on each mission. 

3. Reduce the objectives of the experiments. 

4. Increase the time duration of each mission. 

5. Accumulate large amounts of raw data on film or tape to be reduced for 

users after the mission. ^ ^ 

10. PLANNED PROGRAMS OR UNPERTURBED TECHNOLOGY ADVANCEMENT 

1. SUMCj AADC, MSC, etc, LSI computer developments Will 
increase hardware capability. 

2. Bubble, CCD, and DOT mass memory and recorder develop- 
ments will greatly expand storage capacity. T 

3 . No directly applicable software or special purpose hard- 
ware advancement expected. 

4. RTOP W74-70459 (175-31-42), Spacecraft Data Processing, NASA/GSFC, 
Marvin Maxwell; (301) 982-4036. ; 

5. RTOP W-7S (656-11-04) , User Technology, NASA/MSFC, G. F. MoDcnoUgh, 
(205) 453-3723, 

6. RTOP W-75 (656-12-01), Systems Analysis, Concepts and Modeling for 
Optimum Data Flow, NASA/MSFC, G. F. McDonough, (205)453-3723. 

EXPECTED UNPERTURBED LE^rSL 7 

11- RELATED TECHNOLOGY REQUIREMENTS: 

a. Accurate GN&C pointing up to 0. 01? 

b. Support for basic vehicle operation. 






acHi- M I i<: ITEM 


TECHNOIOGY 

1. Parametric Analysis 
I 2. Design Software 
i S. Integrate W /Hardware 
4. Test Model 
APPLICATION ^ ' 

1. Design (Phase C) 

2. Development/Fabri- 
cation (Phase D) 

3. Operations 


. USAUI: Sf'HBDULE: 


TEcT-INOLfiGY NEED DATE 




T1 Tl Tl Tl Tl |2T12T12T12T12TiaTim 

T MEEK ( »J- 1 Al NCHEh ^ T2 T2 at2 2T2 2T2 2T2 2T2 2T2 2T2 2T2 3Ti 1364 

- ■' — ^ — ■' ___ ^ 

> Rf t. hi vcES ' — ' ' — ' — ' — ' — ' — ' — ' — ' — ' — ' — ' — * — — — 

a - Aspei; I nternational Gonference on Fourier Spectroscopy j 1970 , 
AFCRI . pp. 83-119. 

b. Slimmarized NASA Payload Descriptions, Sortie Payloads, duly 1974 
: NASA/MSFC- 


c Spare lab Sortie Payload Software Sizing Analysis, Feb. 1974,IBM. 

d- Swiimarized NASA Payload Descript ions. Automated Payloads, 

July 1974, NASA/MSFC. 

e. Statement of Work, Spacecraft Adaptable Software Concept study, NASA/LaRC. 

■■ 'March 29, 1974, RFP:1-15-4529.' - 

i. Ad\ 'need Scanners and Imaging Systems for Earth Observations , NASA SP-335, 197^ 
p 506-27. 

LEGFND\ : ' 

(Ti)> 4S-31-S, Combined AS-0i,-03 ,-04,-05-S 

(T2; = SO-Ol-S, Dedicated Solar Sortie Mission (DSSM) 

(T3) =' Other sortie flights. 

(T4) = Automated payload flights. 


15. LEl'EL OF.STATE OF ART. 


1. BASIC Oa^EIlVUD AND REPORTED 

2. THEORY ft ■ r;LATED TO DESCRIBE PHENOMENA. 

3. lltEOl'V rysTKiv^Y PiK’SICALEXPBRt^^ 

OR ^Ui nFMAnCAT. MODEL, 

.,PEHTi<- -s FLNCTION OR CIlATiACTDRlSTiC DEMONSTRATE £),- 
> C :; ttATEIUAL, component, Etc, : 


ORIGINAL PAGE 13 

OF POOR GtUALEKI 


7^489 


5. COMPONENT Oil RRE AD DO. iRD TESTED IN RELEVANT 
. . ENViROKAfENTmtHE IAROR^ 

MODEL TESTED AIRCRAlT ENVIRONMENT, 

■7, MODE! TESTLIMN SPACt- EN\TI10NMENT,, . 

8. NEW CA PAiSiLtTY DERIVED FROM A MUCH LE^ER 

OPERA'noS AL Ml )DI L . 

9. .RELIABILITY UPOH^rDIKL U 1' AN OPERATIONAL MODEL. 

10 . tlFETIME EXTENSION OF DIXItATXQN.AL MODEL. 











Off-. 



. . Paylpttd 

Ba£. Kc» 

, Ifamo 

AS-22-S 

Combined. 
Asbpnoroy: ; 
SorUe 

^31-S 

Dedicated Solar : ; 
Soi^Le Alls Sion 

AP-05-S 

Atniospberlq St '.' 
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Applicatloas 

1.3-09-3 

Life ScIctiCDS 
Shuttle I*b + 
Bcseercli Center 
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(1) 9 ebanneia: standby 

(2) 6B cbanivcls Standby 


e;tp = Experiment output chamiela 
pt = Pointing & atabllination clumnelfl 
^ ^Access lime to ohe cycle of Input/ott^t data 
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I L TECHNOl.OGY REQUIREMENT (TITLE) ; On-board processing of PAGE 1 OF _5 
M ission Data for Payload Experiments/Operations . 


TECHNOLOGY CATEGORY; SQf1iwnrP-/Svsf:ftTns 

>i. ( )I1JECTIVE/ ADVANCEMENT REQTTIREDt Develon advanced software and system 
i techniques for on~board and ground processing of remote sensing data. 


4 v C-t ilRENT STATE OF ART: Limited on-board processing is planned for 

automated s pacec ra ft in 1978-1980 time frame, 

_ . HAS BEEN CARRIED TO LE VEL & 

5- DESl Ui’TION OF TECHNOLOGY 


' Technological advances are needed in softirare, on-board processors j and the 
j techniques for utilizing these most effectively to handle the increasing 
■ complexity of multi-sensor , multi-disciplinary payloads that wi 11 service a 
j large number and broad variety of users. Current techniques for on-board 
and ground processing of earth- sensing data are based on limited knowledge of 
j user requirements, and are tailored to individual sensors rather than obsexva- 
I tional systems. 





P/L REQUIREMENTS BASED ON; PRE-A > □ A, □ B, Q C/D 

6 RATIOMAi K AND ANALYSIS: 

The processing of mission data requires a large portion of the overall cost 
I of orbital remote sensing systems. The processes encompass all the functions 
j required betTTOen the sensor's output and the input to the users. The system 
equired for their implementation must provide optimum allocation of those 
I functions that are moire efficiently accomplished on-board and those that should 
Ce performed in ground based facilities. Candidate functions for on-board 
processing include geometric, radiometric and dynamic response corrections, 
data compaction, and infoinnation extractive processes. In order to realize 
significant savings in deSigh, procurement and operation of theSe systems, 
the advances in software, on-board processors and implementation techniques 
must be based on satisfying current and projected user needs. These needs 

according to the type of investigation being performed,: from the gathering 
of data using vbi^‘ new (unproven) Sensor concepts, to repetitive operational 
surveys of national or global scope. Thus, the fi^st input to the technology 
program should be a statement of specific user requirements in remote sensing 
disciplines 3 representative of the spectrum , of current and future users such 
as that prepared by the TERSSE Study for QA/ERPO. Having established the 
baseline, the following steps will be required; 

(continued on page 2) 

TO BE CARRIED TO LEVEL J8^ 
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1 . TECHNOLOGY REQUIREMENT (TITLE) : Qn-board processing o£ PAGE 2 OF 5 
Mission L>a La fox Payload Experiments/Operations, 


(C Continued) 


a) Determination of the characteristics of the data processes needed to do 

data correction and extraction^ Included here should be not 

only data transformation* but also consideration of the data transmission links 
and attendant data compression requirements. 

b) Commonality analyses to permit the grouping of user requirement 
categories and attendant characteristics according to similarities in implementa- 
tion needs. 

tj nosessment of current and projected state-of-the-art in software* 
processors, memory devices, computer attitude determination systems data links, 
etc. IS they relate to the user requirements, characteristics and groupings 
in a and b above . 

d) Determination of cost-effective implementation approach applicable 
to specific cases in each user requirement category. The primary criteria 
will be cost, and will consider centralized and distributed networks of ground- 
based facilities as well as on-board processing equipment. 

e) ifwhnology advances will be effected to permit the implementation of 
thd approaches in d shove, t^ithin the time constraints of the specific payloads 
affected. 

The pa^l -ads that will benefit from this program are autonfated and sortie 
E/L's in Earth Observatibn, Earth and Ocean Physics, Atmospheric and Space 
Physics, Astronomy, High Energy Astrophysics and Solar Physics. 

f. : ■ ' . - ■ , 

Using cost as a primary criterion, this advancement potentially will aid 
in realizing a significant portion of the future resources allocated to space 
payloads (including not only NASA's but also NOAA, DOD, DOI, DoA's etc.) . 

D.„ ■ ^ ■ . . . ; , 

The level of technological maturity required is the analysis of at least 
one representative payload in each user requirement categoryi Probably exfiensive : 
use of oh-boarci processing will not be accepted by the users prior to demonstration on a 
spacecraft. ; ; ■ ;V:‘ ^ 
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! Mission Data for Payload Experiments /Operation a 
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7. TECHNOLOGY OPTIONS: 

The technology advance encompasses the following parameters: 


J a) Time constraints between data acquisition and data dissemination to 

the user. 

b) Desired fot‘niat(s) for presentation of data to the user 

c) Cost -including development and recurring cost of software and hardware 
necessary to implement approaches. 

d) Quality (accuracy, resolution, linearity) of data associated with each 
approach 'e,g. real'-time vs. non real-time correlation) 

e) Impact the approach upon the required cotnmunication link (e.g. use 

HADAMARD transformation may improve the manner in which noise is 
•uanifestca in the transmitted signal) . 

(continued on page4) 

S. TECl-fNICAL PKOELEMS: 

a. Assessment of cirrent user needs and projection of future needs, 

b. JPrc je^ ion of future technology advances that will impact the trade-off 

ana \ ses . • 

c. Acc n. ate definition of the end-to-end data flow needs of the system. 

POTENTlAi. >:^TlRNATIVES: ' >■ ■ ' 

I An alternative ; the development of this methodology is to per form detailed 
j trade-off aralyses or each Individual payload that is flown* In some payloads 
* the similarities would be evident enough to permit the use of the results of 
^ one payload to apply to another. 


I - ^ PlJ^m^EEPROGRAMS OR UOTERTUBBED TECHNOLOGY ADVA 

The following .‘ITOP^s apply to individual aspects of data processing in remote 
j sunsing applications : 

177-23-61 177-31-41 177-32-71 177-42-41 177-42-82 

177-25-51 177-32-11 177-42*21 177-42-81 177-42-81 

1'7. 26-41 177-32-61 

. ' ' . - ; ■ . EXPECTED Unperturbed level e 

11 RELATFD TECHNOLOGY REQUmEMENTS; 

a. Sensor development trends and projections 

b. Advancements in software designs 

c. Advancements in data processors 

d. Pointing, and tracking systems 
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12. TECHNOLOGY REQUIREMENTS SCHEDULE: 

CALENDAR: YEAR 


SCHEDULE ITEM 


75 


76 


77 


78 


79 


80 


81 


82 


83 


84 


85 


86 


87 


88 


89 


90 


91 


TECHNOLOGY 

1. USER SURVEY 

REQUIREMENTS DEFINI- 
TION 


3. 


S.O.A. ASSESSMENT 


4^* TRADEOFFS 

5. developments 


APPLICATION 

1. Design (Ph. C) h/A 

2. Devl/Fab (Ph. D) N/A 

3. Operations 

4. 




13. USAGE SCHEDULE: 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


19 


mn 


14 


12 


11 


16 


20 


19 


21 


17 


23 


TOTAL 


18 


321 


14 REFERENCES: 

Earth Observation Satellite System Definition Study Report No. 3: Design 

Cost Trade-off Studies and Recommendations . 

Total Earth Resources System for the Shuttle Era Final Report, Vol, 3. 


* Based on automated P/L launches in the applicable disciplines. 


15. I^VEL OF STATE OF ART 

1. ES^IC :pHENQlIliSA OBSERVER 

2. THEORY TOllMUIATED TO RESCRIBE PIIEKOMENA. : 

3. THEOnv rKSl'ED BY PHYSICAL EtPEUlMEST 

OR NIATHEMATICAL MODEL. 

i. PERTINENT IVNCTION OR CHAriACTEmSTlC DEMONSTRATED, 
: , ■ E.C.^ iylATElHAL, COMP0.SKNT, ETC. 


S. COMPONENT OR BREADBOARD TESTED IN RELEVANT 
ENVIRONMENT IN THE LARORATORY. 

B. model TESTED IN AIRCRAFT ENVIRONMENT. 

7, MODEL TESrSD IN, SPACE ENVIRONMENT, 
a. NEW CAPABILITY DERIVED FROM A MUCH LESSER 
OPEHA.7'IONAL MODEL. ! ^ ^ 

9. RELIABILITY UPGRADING OF AN OPERATIONAL MODEL* 
10. lifetime extension of an Ol'ERATIQNAL MODEL. 


7-445 






I OEFINITION OF TECHNOLOGY REQUIREMENT MO- GE 19.6 

! 1 nr,Y REQUIREMENT (TITLE); Data Retrieval ^t .G XQiiad- PAGE 1 OF 3_- 

_ rransfo mation and Distribution. 

2 TF.r HTJf^l .OGY CATEGORY: Software/Systems 

• ,i. npaFn'TVF/AnvAMnFiyrF.WT RFQTTTRFnr Develop software and systems for — 

I transforming data into the user’s frame of reference and permitting his 

i ra p id remote access to it. 

i 4 riiRFFNT STATE OF ATtT> AFOS distribution system permits rapid access; 

; GE Image 100 permits rapid proces sing; transformation/grid ding processors are 
I ~^v^t HAS BEEN CABBIED TO LEVSI. J . 

i — ^ ^ ^ ^ 

i 5. DESC lU 'TION OF TECHNOLOGY 

' Future Earth observations systems will produce data for a multitude of users 
t who are performing various tasks and who are geographically distributed, 

! The users all have individual frames of reference and information extraction 
needs. Systems and software required which can access Earth Observations data 
banks, transform the coordinates of the data into user-determined systems, 
and permit the user to interactively process the data .for his om needs 
via low-cost remote terminals. The systems will encompass large mass 
storage, special purpose processors, telecommunications links, and low-cost 
interactive remote terminals. 

Current Earth Observations technology has progressed only to the point of 
preprocessing. A few first-generation systems exist for rapid extractive 
processing but no distributed time-shared system has been concieved. 

I 

I P/L REQUIREMENTS BASED ON; g] PRE-A.P A,D B,P C/D 

6. RATinVALE AND ANALYSIS: 

, A- The data retrieval and transformation/distribution system will require 
several technological advances in the area of processors, time^sharing 
i strategies, telecommunications, and remote terminals^ Low cost is of utmost 
importance because of the ultimate large number of such systems to be iiaple- 
mented. The planned U*S. Domestic Communications Network is an enabling 
technology, High-^speed digital equipment and large memory-storage technologies 
are potential sources for solutions, 

B- Payloads in Earth Observations, Earth and Ocean Physics, and Atmospheric 
Physics xd.ll benefit from this technology advancement. 

C. This advancement would be useful in reali25ing significant savings in 
the resources allocated to payloads. 

D. The technology program will require the demonstration of the system 
through modeling techniques, using a representative spectrum of user require- 
ments. 


PRECEDING PAGE 

TO BE CARRIED TO LEVEL 

“ — — — — ■ 7-MT ~ 
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GE 19.6 

1 ; TECHNOLOGY REQUIREMENT (TITLE): Data Retrieval, 

PAGE 3 OF 

Transformation and Distribution 


12. TECHNOLOGY REQUIREMENTS SCHEDULE: 


CALENDAR YEAR 






SCHEDULE ITEM 


TECHNOLOGY 

1* TEAMSFOEMA.TION SYSTEM 

2. terminal system 

3. RETRIEVAL SYSTEM 

4. MANAGEMENT SYSTEM 

5. . ■■■ 


APPLICATION 

1. Design (Ph. C) 

2. Devl/Fab (Ph. D) 

3. Operations 

4 . 


13, USAGE SCHEDULE: . . ^ 


TECHNOLOGY NEED DATE 


NUMBER OF LAUNCHES 


14. REFERENCES: 

1. Total Earth Resor^rces System for the Shuttle Era, Final Report, 

Volumes 1 & 3 . 

2. Office of Applications Earth Resources Program Summary, NASA S 74 36275 




15. LEVEL OF STATE OF ART 

1. BASIC PHENOMtMA OESERVUD AND 

2. TltEOHY FOUMULiATED TO DESCRIBE PIIEKORIEKA. 

3. THEORV TESTED BY PHYSICAL EXPEKIMEKT 

OR MATHEMATICAL MODEL. 

4a PEIITINKNT function on CilAHACTEIUSTIC DBMONSTHATED, 
E.G. t iMilTElttAL., COMPONENT, ETC^ ' 


7“449 


6, COMPONENT on nREADBOARD TESTED IN RELEVANT 
ENVUIONMENTIN TEE LABOnATpRY. : . . . 

G. MODEL TESTED^ AlRCRAi*T EN VlHONMENT^ . . 

7* MODEL TESTE IN SPACE ENVIRONMENT. 

8* New CAPAJnLlTV derived from a much lessee ■ 
OPERATIONAL MODEL. 

9, RELIABILITY UPGRADING OF AN OPERATIONAL MODEL, 
io* . lifetime EXTENSION OF AN OlTiRATldNAL.MODELi. : 
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EEFBRENCES 

The applicable Teferences and data douToes axe listed in Paragraph 14 '^EPERENCES'’ 
of each ^DefMtipn of Technology Requirement" item in Section 7 of this report. 
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APPENDIX A 

NASA AND JPL CONTACTS 

A, 1 N&SA./OAST PAYLOAD TECHNOLOGY PANEL AND DIRECTLY SUPPORTING 
, PERSONNEL 

NASA Headquarters 


Washington, D, C. 20546 
RX/S. Sadia 
SL/R. T^ver 
RS/W. Hayes 
RS/E. Gabris 
REM/H. Anderton 
MK/G/Es^e^^ 

RC/E, Demeritte 
RC/A, Henderson 
RX/G. Kayten 
SG/B. Chandler 

Goddard Space Plight Center 
Greenbeltj MD 20771 

745. O/W. Russell, Jr. 

410. O/E. Cepollina 

Langley Research Center 
Langley Station 
Hampton, VA 23365 
412/R. Osborne 

George Ci Marshall Space Flight Center 
Marshall Space Flight Center 
Alabama 35812 

PD21/B, Nixon , 

PSOe/H. Craft 

Lyndon B, Johnson Space Center 
Houston, Texas 77058 
CB/J., : Allen .. 


Jet Propulsion Laboratory 
4800 Oak Grove Drive 
Pasadena, CA 91103 

Eranlc T. Barath/M. S, 186-118 

Ames Research Center 
Moffett Field, CA 94085 

202-5/A, Worden, Panel Chairman 
202-9/L, Alton 


Lewis Research Center 
21000 Broolcparlc Rd. 

Clevelands Ohio 44135 
5401/E. Otto 

John F, Kennedy Space Center 
Kennedy Space Center, Florida 32899 
SO-B/J. Clark 
DD«SED-4/W. Boggs 

Col. R, Johnson 

CodeDY 

SAMSO 

P, 0, Box 92960 
Worldway Postal Center 
Los Angeles, CA 90009 
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PERSONNEL GONTAGTED 

A. 2 NASA HEADQUARTERS, WasMngton, D.C. 20546 


Name Discipline/Gategoicy 


Dr. Jeffrey D. Rosendhal 

Astronomy 

Dr. Albert Opp 

Astrophysics 

Dr. Adrienne Timothy 

Solar Physics 

Fred Berko 

Atmospheilc and Space Physics 

Pitt G. Thome 

Earth Observations 

D r . J oseph W. Siry (GSF 0) 

Earth & Ocean Physics 

Dr. James H. Bredt 

Space Processing 

Dr. Rufus R. Hessberg 

Life Sciences 

Robert W. Dunning 

Life Sciences 

Edward Gabris 

Space Technology 

Paul Tarver 

Planetary 

Samuel W. Fordyce 

C ommunication/Navi gation 

C. E, Pontius 

Gonimunication/Navigation 

FranldinD. Martin 

Lunar 

Floyd L Roberson 

Lunar 

Jules Lehman 

Sensors 

George G. Deuteh 

Struotures/Mechanical & Materials 

N orman J . Mayer 

Structures/Mechanical & Materials 

James Gangler 

Structures/Mechanical & Materials 

Bernard G. Achh^mer 

Environmental Control 

Dr. Joseph G. Lundholm, Jr. 

Radiation Protection/Hardening 

Dr. Peter Kurzhals 

GN & C/AttStude Oontrol 

Clarence E. Catoe 

TT&C/Data 

Dr. Bernard Rubin 

Sensors , Systems and Instrument Electronics 

Ernst M, Cohn 

Electrical Power 

James Lazar 

Propulsion 

Frank W. Stephenson, Jr. 

Propulsion 
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PEBSONNBL CONTACTED 


A. 3 GODDARD SPACE FLIGHT CENTER, Greenbelt, Maryland 20771 


Name 


Item No. Subject/Category 


Peter Argentiero 18,5 

Dr, S. Auer 5.3 

Charles Capps 19.1 thru 

19.4 

Ed Chin 1,4 

2,7 

8 .“ 

Jerome Eckerman 1.9 

4.3 

Carl E. Fichtel/ 1.1 

R. Hartman 2,1 

9.3 
18.1 

Dr, M. W, Fitzmaurice 3.1 

4,1 

Arthur J. Fuchs 19.1 thru 

19.4 

I. Larry Goldberg 2.16 

Henry Hof&nan 15,5 

Stephen S. Holt 1.2 


2.2 

2.3- 1 

2.3- 2 
2.4 & 2. 5 
2.6 

9.6 

Dr. Robert Hunter 14.1 

14. 2 

Seymour Kant 2 . 8 thru 

. - 2.11 . 

6.1 

Robert E. Kidwell 2.26 

10,1 
12.1 
' 12.2 


Gravity Analog/Digital Filtering 
Solids Analysis - Comet Tail 
Software 

UV - 3R Telescope, Large Optics 
UV Eohelle Spectrograph 
Contamination 

Ratio-Large Microwave Antenna Arrays 
Synthetic Aperture Radar 
Gamma-Ray Survey Instrument, Large 
Cosmic Ray Spatial Detector 
Cosmic Ray/Gamma Ray Protective Shell 
High Energy Pulse Measurement and 
Correlation Detection 
VIS & IE Laser 
ER LEDAE System 
Software 

IR Pyroelectric Detector, Uncooled 
Earth Resource - Star Seneor, Stmpped 
Down, Advanced Gyro 
X-Ray Telescope 
X-Ray Transmission Grating 
X-Ray Maximum Sensitivity Detector 
X-Ray Polarimeter 

X-Ray Proportional Counter, Position Sensing 
X-Ray Converter/Intensifier 
X-Ray Instrument Mount/Seleotor 
Planetary-Thruster, Mercury Ion 
Sta. Keeping-Thruster, Cesium Bombardment 
VIS - IR Mapper 

Gradiometer Accelerometer 

Relativity - Preces sion Gyroscope 

IR Chambe r/Selector 

Super- conduction - Cryostat Dewar, He H 

Long Duration IR Missions - Helium 

Reliquification 
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PEBSOKNEL CONTACTED 


A. 3 GODDABD SPACE PLIGHT CENTER, 


Name 

Item No. 

Marvin S. MaxweU 

2, 8 thru 
2.10 
19.4 

John MoElroy 

3.1 


4.1 

Werner Neupert 

9.4 

Stan Ollehdorf 

2.26 


10.1 


12.1 


12.2 

Jonathan Ormes/J. Arens 

9.3 

Harvey Ostrow 

2,11 

David Schaeffer 

16.1 


16.4 


16.- 


19.4 

Paul E. Schmidt 

2.18 

Stanley Sobieski 

2.7 


2.19 


2.20 


2.21 


2.22 

Nelson Spenser 

5.6 


16.1 

Dr, C. E, Velez 

19.1 thru 
19.4 

Oscar Weinstein 

1*7 

2.9 & 2.11 
2.12 

John j. Over 

10.2 

Prank J , Capollina/ 

5.7 

William Logan, Jr. 

9.7 


9. 8 


9.9 


A- 


I Gi’eenbelt, Mainland 20771 (Continued) 

Subjeot/Categoiy 
VIS - IB Mapper 

Software for Experimental Control 
VIS & IE Laser 
IB LIDAB System 
UV-IR Solar Telescope 
Relativity - Procession Gyroscope 
IB CIiamber/SeleGtor 
Super-conduction - Cryostat Dewar, He H 
Long Duration IR Missions - Helium 
Eeliquification 

Cosmic Ray/Gamma Ray Protective Sliell 

VIS - IR Mapper 

Planetaiy Data Transmission 

Monitor and Control Data Memory 

TT&C/Data Processing 

Software for Experiment Control 

Radio - Range & Range Rate Sensor 

UV Spectrograph, Echelle 

VIS-UV Photon Detector 

VIS-UV Polarimeter 

VlS-irV ElectrograpMc Camera 

lE-VES-UV-XUV Filters 

Plasma Data %stem 

Transmission Systems - Planetary Probe 
Softwai® 

IR Scanner (Thermal Scanner Radiometer) 
VIS-IR Mapper 
VIS-IR Spectrometer 

Gravity Gradiometer Temperature Control 
Self Aligning Multipen Electrical Ooimector 
ModtileEeSupj^y Mechanism : 

Spacecraft to Shuttle Docking/Deployment 
& Retention Mechanism 
Baplcdp EVA Drives & Tools for Resupply of 
Modular Spacecraft 

•6 . 
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ii PERSONNEL CONTRACTED 

?TT ■ • ■ ■ 

I 

I A. 3 GODDAKD SPACE PLIGHT CENTER, Greenbelt, Maryland 20771 (Continued) 

i Name Item No. Subject/Categoiy 

9.10 Remote Manipulator System End Effector 

Mechanism - Shuttle to Spacecraft 

9.11 Spacecraft to TUg Docking Mechanism 

Thomas T. Wilheit/ 2. 17 Soil Moisture Sensor* 

Thomas J. Schmugae 

Walter Carrion/ 3,1 Visible & IR Laser 

I Don Premo 

Charles MacKentic/ 17.1 High Voltage Solar Array 

Luther W. Sufer, Jr. 
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PERSONNEL CONTACTED 


A. 4 LANGLEY RESEARCH CENTER, Langley Station, Hampton, VA 23365 


Name 

Item No. 

Subject/ Category 

Wendell G. Ayers 

2. 8 thru 
2.11 

VIS - IB Mapper 

Willlard Anderson 

2.12 & 
2.13 

VIS-IR Spectrometer 


2.23 

VIS-IR Advanced Atmospheric Sensors Group 

D. E. BartMome 

10.4 

CO Desorption - Steam Generation, 
^ero-G 

Walter E. Bressette 

2,8 thru 
2.11 

VIS-IR Mapper 


2.12 & 
2.13 

VIS - IR Spectrometer 


2.23 

IR - VIS Advanced Atmospheric Sensors Group 

Dr. W, P. CIiu 

1.8 

VIS - IR Optical System for Laser 

Gary W. Grew 

2.10 

VIS - IR Mapper 


2.23 

VIS - IR Advanced Atmospheric Sensor Group 

Charles Gurtler 

2.8 thru 
2.11 

VIS - m Mapper 

Jack Hall 

2.8 thru 
2.11 

VIS - m Mapper 


2. 12 & 
2.13 

VIS - IR Spectrometer 


2.23 

IR - VIS Advanced Atmospheric Sensors Group 

Herbert D, Hendricks 

2.14-1 

IR Photometer 


2.15 

IR Spectrometer, Interferometer 


2.16 

IR Pyroelectric Detector, Uncooled 


11.1 

Planetary - Structural Mechanism 

Robert V. Hess 

3.1 

VIS & IE Laser 


14.1 

Planetary Thruster, Mercury Ion 

Edwin T. Kruszewski 

9.1 

Plasma and Fields - Instrument Boom, 50m 


9.2 

Payload and Spacecraft Structure 

Don Lawrence 

2.10 

VIS - IR Mapper 


2.13 

VIS - IR Spectrometer 

M. P, McCormick 

1.8 

VIS - IR Optical System for Laser 


2.14-1 

IR Photometer 


2.23 

IE - VIS Advanced Atmospheric Sensors Group 


3.1 

VIS & IR Laser 


14.1 

Planetary Thruster, Mercury Ion 
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PEKSONNEL CONTACTED 

A. 4 LANGLEY EESEARCH CENTER, Langley Station, Hampton, VA 23365 (Continued) 
Name Item No. Subject/Category 


R. S. Osborne 

2.23 

James L. Raper 

2,8 thru 


2.U 


2.12 & 


2.13 


2. 23 

H. J. E. Reid, Jr. 

15.5 

Eugene Sivertson 

1.9 


2, 8 thru 


2.11 

Roberts. Spiers, Jr. 

2.10 


2.23 

Charles Tynan 

10.4 

Willard R, Weaver, Jr. 

13.2 

John W. Wilson 

2.15 


VIS - IR Advanced Atmospbenic Sensors Group 
VTS - IR Mapper 

VIS - IR Spectrometer 

IE - VIS Advanced Atmospberic Sensors Group 
Eartb Resources - Star Sensor, Strapped 
Down, Advanced Gyro 
Radio - Large Micrawave Antenna Arrays 
VIS - m Mapper 

VTS - BR Mapper 

VIS - IR Advanced Atmospheric Sensor Group 
COg Desorption - Steam Generation, Zero G 
Planetary Return - Docking 
IR Spectrometer, Interferometer 
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PEESONNEL CONTACTED 

A.5 G ORGE C. MARSHALL SPACE FLIGHT CENTER, Marshall Space Fli^t 
C ier, Alabama 35812 

Nai e Item No. Subject/Category 


James B. Dozier 8.1 

8.2 

8.3 

8.4 


Garvin Emanuel 1 , 4 

Richard B. Hoover 1.2 

Thomas N. Marshall, Jr. 2.15 

11.1 

W. Mordan 9.1 

Robert J. Naumann 8. 1 

8.2 

8.3 


8.4 

MaxNein 8.1 

8.3 

15.1 

Charles R. O'Dell 2.19 

2.22 

R, A. Potter 1.1 

1.2 

2.1 

9.3 
9 . 4 ; 


Percy H. Rhodes 5.2 

W. Roberts 9.1 

Kenneth R. Taylor 5.1 

W. Thompson 9. 1 

W. G. Thornton 7.3 

2.18 

J. Waite 9.1 


Optical and Plasma - Surface Cleaning 
rR-IVS-UV-X-RAY Contamination Monitor 
rR-VIS-UV-X-EAY Contamination Processes 
Understanding 

IR-VIS-UV-X-EAY Contamination Avoidance 
Devices, e.g. , Electrets 
UV-IR-Telescope, Large Optics 
X-Ray Telescope 
IR Spectrometer, Interferometer 
Planetary Structural Mechanism 
Plasma and Fields - Instrument Boom, 50m 
Optical and Plasma - Surface Cleaning 
nt-VIS-UV-X-RAY Contamination Monitor 
IR-VIS-TJV-X-RAY Contamination Processes 
Understanding 

IR-V3B-UV-X~RAY Contamination Avoidance 
Devices, e.g., Electrets 
Optical and Plasma - Surface Cleaning 
IR-VIS-UV-X-RAY Contamination Avoidance 
Devices, e.g., Electrets 
Astronomy Physics - Tracker, Field 
Monitor and Guide Star Sensors 
VIS - XIV Photon Detector 
ra-VIS-UV-XUV Filters 
Gamma- Ray Survey Instrument, Large 
X-Ray Telescope 
Cosmic Ray Spatial Detector 
Cosmic Ray /Gamma Bay Protective Shell 
UV - IR Solar Telescope-Structure 
Bio & Organic - Electrophoretio Process 
Plasma and Fields - Instiument Boom, 50m 
Liquid & Solid - Levitation Unit 
Plasma and Fields - instrument Boom, 50m 
Elect. -Mech, Teleoperator Subsystems 
Range and Range Rate 

Plasma and Fields - Instrument Boom, 50m 


A-10 


APPENDIX A 


PEHSONNEL CONTACTED 


A. 5 GEOEGE C. MAESHALL SPACE FLIGHT CENTEE, Marshall Space FUght 
Center, Alahama 35812 (Continued) 


Name 

Item No. 

Subjeet/Category 

Paul Schwindt/D. Wasserman 

1.4 

UV - IR Telescope, Large Optica 


2.19 

VIS *- UV Photon Detector 


2.21 

VIS - UV Electrographic Camera 

Dr^ Eugene W. Urban 

2.26 

Eelativiiy - Parecession Gyroscope 


10.1 

IE Chamber/Selector 


12.1 

Super- Conduction Cryostat Dewar, He H 


12.2 

Long Duration IE Missions - Helium 
Eeliquifieation 
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PERSONNEL CONTACTED 

A. 6 LYNDON B. JOHNSON SPACE CENTER, Houston, Texas 77058 


Name 

Item No 

Dr. G. D. Badhwar 

2.26 


10.1 


12.1 


12.2 

Dr. G. D. Badhwar/ 

2.1 

Mr. Robert L. Golden 

18.1 

William J, Burke 

2.17 

Karl G. Henize 

2.21 


2.22 

J. L. Lacy 

3,1 


18.1 

Dr. William B. Lenoir 

2.17 

Glen C . Miller 

7.3 

Richard A, Moke/ 

4.3 

A, Mathews 


Dr. Donald E. Robbins 

3.1 


4.1 

Curtiss Mason 

2.17 


Subject/Categoiy 

Relativity - Precession Gsa-oscopa 
IR Chamber/Selector 
Super-Conduction - Cryostat Dewar, He n 
Long Duration IR Missions - Helium 
Reliquification 

Cosmic Ray - Spatial Detector 
High Energy - Pulse Measurement & 
Correlation Detection 
Radio - Soil Moisture Sensor, hw 
VIS-UV Electrographic Camera 
m - VIS - UV - XUV Filters 
Cosmic Ray - Spatial Detector 
High Energy - Pulse Measurement & 
Correlation Detection 
Radio - Soil Moisture Sensor, gw 
Elect, -Meoh, - Teleoperator Subsystems 
Radio - Imaging Radar 

VIS & IR Laser 
IR LIDAR System 
Soil Moisture Sensor 
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PEKSONNEL CONTACTED 

A. 7 JET PROPULSION LABORATORY, 4800 Oak Grove Drive, Pasadena, CA 91103 
Name Item No. Subject/Category 


Dr, Raymond P. Bohling 

15.1 

James Burke 

9.5 


10.2 

John C. Beckman 

2.15 

Walter Brown 

1.9 

Dr. T. Neil Divine 

2.15 

Dr. Alain L, Fjrmat 

4.2 

Charles E. Gififin 

5.3 

Dr. William A . Mahoney 

2.3-1 

2.4 


2.6 


16. 5 

John V. Goldsmith/ 

17.1 & 

Lloyd D, Runkle 

17.5 

Dr. Ewald Heer 

7.3 

W. Maroo 

11.1 

Richard H. Parker 

2.15 

Joseph A. Plamondon 

11.1 

David H. Rodgers 

2.14-2 

Dr. Joel G. Smith 

16.1 

Dr. William H, Spuck 

19. 1 thru 
19.4 

Howard Weiner 

17.- 

Jesse Moore 

13.2 


19,1 


Astronomy/Physios - Tracker, Field 
Monitor and Guide Star Sensors 
Planetaiy ■* Entry Heat Shield 
Gravity Gradiometer - Thermal 
IR Interferometer Radiometer - Radiation 
Effects 

Large Microwave Antennae 
IR Interferometer Radiometer - Radiation 
Effects 

Nephelometer - Planetary 
Solids Analysis - Comet Tail 
X-Ray Maximum Sensitivity Detector 
X-Ray Propoj^ional Counter, Position 
Sensing 

X-Ray Converter/Intesifier 
X-Ray Image Disection 
Electric Power 

Tele-operator Subsystem Eleotro-mech 
Thermal & Pressure Protection for 
Payload Instruments 
IR Interferometer Radiometer-Radiation 
Effects 

Thermal & Pressure Protection for 
Payload Xnstsmmente 
IR Spectrometer, Interferometer 
Planetary - Data Transmission 
Software 

Electric Power 

Automatic & Remote Docking 
Software - Rendezvous & Docldng 
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PERSONNEL CONTACTED 


A. 8 AMES RESEARCH CENTER, Moffett Field, California 94305 


Name 

Item No. 

Subject/Category 

Kenneth Billman 

3.1 

VIS & IR Laser 


4.1 

IR LIDAR System 

Dr. Paul Callahan 

7.1 

Biological - Life Sciences Organism 



Holding Units 


7.4 

Biological - Surgical 

Robert M. Cameron 

1.5 & 

IR Telescope, 0.2m & 1.5m, cooled 

Duayne Duggan 

1* D 

14.1 

Planetary Thruster, Mercury Ion 


14.2 

Station Keeping - Thimster, Cesium 



Bombardment 

Terry L. Grant 

16.1 

Planetary - Data Transmission 


16,4 

Monitor and Control - Data Memory 

John Kirkpatrick 

2.26 

Relativity - Precession Gyroscope 


10.1 

IR Chamber/Selector 


12.1 

Super-Conduction - Cryostat Dewar, He II 


12.2 

Long Duration £R Missions - Helium 



Reliquification 

Dr. Dale Lumb 

13.1 

Planetary - Low Thrust Techniques, SEP 

Robert Mah/ 

7.1 

Biological - Life Sciences Organism 

William Berry 


Holding Unit 

Craig McCreight 

2.26 

Relativity - Precession Gyroscope 


10.1 

IR Chamber/Selector 


12.1 

Super-Conduction - Cryostat Dewar, He H 


12.2 

Long Duration IR Missions - Helium 



Reliquitication 

Ramsey K. Melugin 

1.5 

IR Telescope 


1.6 

LHe Cooled Telescope 

Robert M, Munoz 

19.1 thru 

Software 


19.4 


Phil Nachtsheim 

9.5 

Planetary - Entry Heat Shield 

Dr. Jiro Oyama 

7.2 

Bio -Functional Bioresearoh Centrifuge 

Dr. Richard Simmonds 

7.1 

Biological - Life Sciences Organism Holding 



Units 


7.4 

Biological - Surgical 

Joel Sperans 

18.1 

High Energy - Pulse Measurement & 


Correlation Detection 
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PEBSONNEIi CONTACTED 

A. 8 AMES RESEAECH CENTEE, Moffett Field, California 94305 (Continued) 


Name 

Item No 

Henry Lum 

16.- 

J. P. Murphy 

15.1 & 
16.5 

John Parker 

5.- 

Nick Vojvodioh 

2.15 


9.5 


11.1 


13.2 

Hubert Vykukal/ 
James Jones 

7.3 

Fred Wittebom 

1.5 & 

1.6 

2.14- 1 

2 . 14 - 2 
2.26 

8. 

10.1 

12.1 

12.2 

Arthur C. Wilbur 

17.1 


Subj e et/Category 

TT&C - Wide Compression 
Attitude Control 

Special Devices 

IE Spectrometer, Interferometer 
Planetary - Entry Heat Shield 
Planetary - Structural Mechanism 
Planetary Eetum - Docldng 
Elect. -Mech, Teleoperator Subsystems 

IR Telescope, 0.2m & 1.5m, Cooled 

IR Photometer 

IE Spectrometer, Interferometer 
Relativity - Precession Gyroscope 
Contamination 
IR Chamber/Seleotor 
Super- Conduction Cryostat Dewar, He H 
Long Duration IR Missions - Helium 
Reliquification 
High Voltage Solar Array 
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PEESONNEL CONTACTED 

A. 9 LEWIS RESEARCH CENTER, 2X000 Brool^ark Rd. Cleveland, OMo 44X35 


Name 

Item No. 

Subject/Category 

Bruce A. Banks 

X4.X 

Planetary - Thruster, Mercury Ion 


X4.2 

Station Keeping - Thruster, Cesium 
Bombardment 

JohnM. Bozek/ 

X7.X 

High Voltage Solar Array 

Stan Domitz 

X7.5 

High Energy Density Battery 

Dave C. Byers 

14. X 

Planetary - Thruster, Mercury Ion 


X4.2 

Station Keeping - Thruster, Cesium Bombard' 
ment 

Thomas H. Cochran 

2.24 

G-Jitter Sensor 


2.25 

Mass Measurement 

James E . Calte 

13.x 

Planetary ~ Low Thrust Techniques, SEP 

Robert W. Easter/ 

X7.5 

Plasma and Earth Applications - High 

Marvin Warshay 


Energy Storage 

Bruce E . Leroy 

X3.X 

Planetary - Low Thrust Techniques, SEP 

Lyle 0, Wright/ 
Stan Domitz 

X7.X 

High Voltage Solar Array 

Edward Miller/ 
Norbert Staniciewite/ 
Robert Alerevich 

5.4 

High power Transmitter 


A.XO WALI.OPS FLIGHT CENTER, Wallops Island, Virginia 23337 
Name Item No, Subject/Category 

J. T . McGoodan 4, 4 Radio - Altimeter, Pulsed K-Band 
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MANUPACTUEER/LABORATORY AND UNIVERSnY PARTICIPANTS 

CONTENTS 

B. 1 CONTRIBUTING MANUFACTURERS /LABORATORIES 
B.Ja CONTRIBUTING UNIVERSITIES 



APPENDIX B 


MANUFACTUREE/LABORATORY AND UNIVERSITY PARTICIPANTS 


B.i CONTRIBUTING MANUPACTURERS/LABOEATORIES 


Organization & Participant 

Item No, 

Subject/ Category 

A. D» Little, Inc. 

2,26 

Relativily-PreceBSion Gjrroscope 

25 Acorn Park 

12,1 

Super-conduotion-Cryostat Dewar, HeU 

Cambridge, Mass. 02140 

12.2 

Long Duration IR Missions - Helhnn 

R. W. Breckenridge 


Reliqpiifioatlon 

Barnes Engineering Co. 

30 Commerce Road 
Stamford, Connecticut 06904 

1.8 

VIS-ER Optical System for Laser 

R. Martin 

Barnes Engineering Company 
30 Commerce Road 
Stamford, Connecticut 06904 

2.16 

IR Pyroelectric Detector, Uncooled 

S. Weiner 

Battelle Columbus Lab. 
505 King Ave. 
Columbus, OMo 13201 

2.15 

IR Spectrometer, Interferometer 

D. J.Hammon 

Bell Aerospace 
P. O. Box 1 

Buffalo, New York 14205 

6.1 

Accelerometer Sensitivity 

Ernest H. Metzger (I-85) 

Block Engineering 

2.7 

UV Echelle Spectrograph 

19 Blackstone St, 

2.13 

VIS-IR Spectrometer 

Cambridge; Mass. 02173 

2.14-1 

IR Photometer 

Geert Wijntjes 

2.14-2 

IR Spectrometer, Interferometer 

Boeing Company- 

8.1 

Optical and Plasma-Surface Cleaning 

Box 3707 

8.3 

m-VIS-UV-X-RAY Contanunation 

Seattle, Washington 98124 
R. B. Gillette 
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B. 1 CONTRIBUTING MANUFACTUREES/LABORATORIES (Continued) 
Organization & Participant Item No, Subject/Oategory 


Brown Engineering Company 8, 4 

Research Park 
Huntsville, Alabama 35807 

Dr. Neil E. Chatterton 

C. S. Draper Labs 13. 1 

75 Cambridge Parkway 
Cambridge, Mass. 02143 

T, N. Edelbaum/J. J, Deyst, Jr. 

Control Data Corporation 16, 4 

Hawtliome Division 

2815 West El Segundo Blvd. 

Hawthorne, Califci ida 90250 

T. C. Parrel, Jr. 

Faraday Labs 8, 1 

P.O.Box 2308 8.2 

La Jolla, CaUfomia 92037 

Dan McKeown 

The Gajmett Corp. 10. 4 

AiEesearoh Mfg, Co. of Calif. 

Mail Station T-25 12.1 

2525 W. 190th Street 12.2 

Torrance, California 90509 

R. Hunt 


IR-VIS-UV-X~RAY Contamination 
Avoidance Devices, e.g, , Electrets 


Planetary ~ Low Thrust Techniques 
SEP 


Monitor and Control-Data Memory 


Cleaning of Optical Surfaces 
m-VIS-UV-X-RAY Contamination 
Monitor 


COg Decomposition - Steam Generation 
in Zero-g 

Super- Conduction-Cryostat Dewar, He It 
Long Duration IR Missions - Helium 
Eeliqoification 


General Dynamics 19. 1 thru Software 

Data Systems Seiwictis 19.4 

P.O. Box 80847 

San Diego, California 92188 


C, H. Gutzler 
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B. 1 CONTHIBUTING MANUPACTUEERS/LABORATORIES (Continued) 


Organization & Participant Item No. 

General Electric Co. 2.18 

Corporate Research & Dev. 

Building 37, Room 559 
Schenectady, N.Y. 12345 

E, E. Anderson 

General Electric Co. 2,23 

Space Divisior, 

P.O, Box 8555 
Philadelphia, PA 19101 

Dr. T. R. Eietof/ 

Dr. H. M. Bortner 


General Electric Company 5.1 

Bldg. 100 Room M-953.) 2.24 

P.O, Box 8555 

Philadelphia, PA 19101 2,25 

Dr. R. T. Frost/ 

Dr. Robert Soherman 

General Electric Space Division 8.2 


P.O. Box 8555 
Philadelphia, PA 19101 

Dr, A. T, Tweedie 

Honeywell Radiation Center 2.9 

Mail 2ione 20 2. 14-2 

2 Forbes Road 
Lexington, Mass 02173 

H, R. Tavares/Carl R. Bohne 

Hone3rweU Radiation Center 2.15 

2 Forbes Road 
Lexington, Mass 02173 

R. A, Rotolante 
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Subject/Category 
Radio-Range & Range Rate Sensor 


IR-VIS Advanced Atmospheric Sensors 
Group 


Liquid & Solid - Levitation Unit 
Gravity Measurement, Low Mass 
and High Accuracy 
Mass Measurement, Lov/ Mass 
and High Accuracy 


K-?,-VlS-UV-X-RAY Contamination 
Monitor 


VIS-iB Mapper (Tavares) 

IE Spectrometer, Interferometer 
(Bohne) 


IE Spectrometer, Interferometer 
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B. 1 CONTRIBUTING MANUFACTURERS/LABORATOSIES (Contiiiaed) 


Organizatton & Participant 

Honeywell Radiation Center 
2 Forbos Road 
Lexington, Mass 02173 

B« Stanton 

Hughes Aircraft Company 
Centinela & Teale Stieets 
Culver City, California 30230 

J. N. Brown 

Hughes Aircraft Co. 

Laser Communication Dept. 

P. O. Box 92919 

Los Angeles, California 90009 

F, E, Goodwin 


Item No. Subleot/Categoiy 

15.1 Astronomy Physios “Tracker, Field 
Monitor and Guide Star Sensors 

1.5 IR Telescope, 0.2m & 1.5m, cooled 

3.1 VIS & IE Laser 


Hughes Research Laboratory 10.2 

8011 Malibu Caryon Road 

Malibu, California 90265 18. 5 

Dr. R. L. Forward 

Hughes Research Laboratory 14. 1 

14.2 

Ion Physics Dept, 

3011 Malibu Canyon Road 
Malibu, California 90265 

J. H. MoUtor 

Hughes Aircraft Co, 15. 5 

Space & Communications 
Group 

El Segundo, California 90245 


Gradiometer Passive Temperature 
Control 

Gravity Analog/Digital Filtering 


Planetary - Thruster Mercury Ion 
Station Keeping-Thruster, Cesium 


Earth Resource-Star Sensor, Strapped 
Down, Advanced Gyro 


B. Klestadt 
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B. 1 CON'miBUHNG MANUFACTUEERS/LABORATOEIES (Continued) 


Organization & Participant 

item No. 

Subject/ Category 

IBM Federal Systems Div 

19, 1 thru 

Software 

10215 Femwood Kd. 
Bethesda, Md. 20034 

19.4 


R. J, Kirchoff 

IBM Federal Systems Div 
10215 Fernwood Ed, 
Bethesda, Md. 20034 

16.4 

Monitor & Control - Data Memor; 

W, A. Bohan 

Intermetrics Inc, 

19. 1 thru 

Software 

701 Concord Ave. 
Cambridge, Mass 02128 

19.4 


W. Zimmerman 

Itek Corporation 

1.2 

X-Ray Telescope 

Optical Systems Division 

1.8 

VIS-IR Optical System for Laser 

10 Maguire Road 

2.8 

VTS-m Mapper 

Lexington, Mass 02173 

9.4 

UV-IK Solar Telescope 

Tom Vogt 

Logicon 

19.1 thru 

Software 

P.O. Box 471 

San Pedro, California 90733 

19.4 


Robert E, Brooks 

Martin Marietta Corp, 

13.2 

Planetary Return-Docking 


Denver Division 
P. O. Box 179 


Denver, Colorado 80201 
W. T. Scofield 

Martin Marietta Corp. 16. 1 Planetary - Data Transmission 

P.0, Box 179 
Denver, Colorado 


F, A, Smith 
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B. 1 CONTRIBUTING MANUPACTURERS/LABORATORIES (Continued) 
Organization & PaxiiicipEint Item No, Subject/Categoiy 

Martin Marietta 19, 1 tliru Software 

Denver Division 19,4 

Box 179 

Denver, Colorado 80201 


E, D, Vaage 

Motorola Inc. 5.4 

Government Electronics Div. 

8201 E, McDowell Road 
Scottsdale, Arizone 85251 

J. E, Kirch 

Naval Research Laboratory 2.21 

Washington, D.C. 20375 

George Carruthers 

Philoo-Pord 9, 4 

Aeronutronic Division 
Ford Road 

Newport Beach, California 92663 
R. R. Auelmann/R. R, Sernka 


RCA 2.26 

Advanced Technology Labs 12.1 

Bldg. 10-8 12,2 

Front & Cooper Sts. 

Camden, N.J. 08102 16,4 

P. E. Wright 

Rockwell International 16.4 

Autonetics Group 
3370 Miraloma Ave, 

P.O, Box 4192 


Anaheim, California 92803 


Improved Life and High Power RF 
Amplifiers 


V;^-UV Electrographio Camera 


UV-IR Solar Telescope Metering 
Structure 


Relativity- Precession Gyroscope 
Super- Conduction-Cryostat Dewar, He H 
Long Duration IR Missions - Helium 
Reliquification 

Charge Couppled Devices for Data 
Storage 

Monitor and Control Data Memory 


E. T. Brown 
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B. 1 CONTEIBUTTNG MANUPAgTURERS/LABORATORIES {Continued) 


Organization & Participant 

Item No, 

Subject/ Category 

Santa Barbara Research Center 
75 Coronomar Drive 

2. 8 thru 
2.11 

VIS-ffi Mapper 

Goleta, Caltfornia 93017 
R. F. Hummer 

2.12 

2.14-2 

VIS-IR Spectrometer 
IR Spectrometer, Interferometer 

System Development Coi^?. 

2500 Colorado Avenue 
Santa Monica, California 90406 

19.1 thru 
19.4 

Softmre 

R. D, Knight 

TRW Systems Group 
Bldg, El Room 1196 
One Space Park 

Redondo Beach, California 90278 

5.3 

Lower density measurement of 
solid particles 

J. F. Friichtenicht 

Westii^house Electric Corp. 
Sjystems Development Div, 

1.7 

IE Scanner (Thermal Scanner Radio- 
meter) 

P.O. Box 746 -M,S.433 

2.9 

VIS-IR Mapper 

Baltimo3?e, Md. 21203 

2,18 

Radio - Range & Range Rate Sensor 

James F. Pitts 

Westinghouse Electric Co. 
Defense Space Center 
P.O. Box 746 
Baltimore, Md. 21203 

2.19 

VIS-UV Photon Detector 

Fred S chaff 

Westinghouse Electric Corp. 
Aerospace & Electronics Sys Div 

1.9 

Radio-Large Microwave Antenna 
Arrays 

P, O, Box 746 

4.3 

Radio-Imaging Radar 


Baltimore, Md 21203 
R, C, Pox 
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B. 1 CONTRIBUTING MANUFACTURERS/LABORATORIES (Coiitiiiued) 


Organization & Participant 

Westinghouse Electric Corp, 
Astronuclear Laboratory 
Silicon Carbide Technology 
P.O. Box 10864 
Pittsburgh, PA 16236 

Dr. R. B, Campbell 

Xerox Corporation 
Electro-Optical Systems 
Instrument & Propulsion Dept. 
300 N, Halstead Street 
Pasadena, California 91107 

Dr, R, M, Worlock 


Item No. Subject/Category 

11. 1 Planetary - Structural Mechanism 


14. 1 Planetary - Thruster, Mercury Ion 

14.2 Station Keeping - Tlisnister, Cesium 

Bombardment 


B.2 CONTRIBUTING UNIVERSITIES 

Center for Radar Astronomy 5. 5 

Durad 21 

Stanford University 
Stanford, California 94805 

Dr. Von Eshleman 

Space Technology Center 2,17 

Univer'sity of Kansas 
Lawrence, Kansas 66044 

Dr. Fawwaz T. Ulaby 

Physics Department 12, 1 

Stanford University 2,26 

Stanford, California 94305 

Dr. John A. Lipa 


Plasma Data System 
Reduce effects of boom mounted 
insitu data system on plasma 
measurements 


Radio - Soil Moisture Sensor, fxvf 


Super-Conduction Cryostat Dewar, He n 
Relativity - Precession Gyroscope 
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B.2 CONTRIBUTENG UNIVERSITIES (Continued) 


Organization & Participant Item No. 

University of California 2, 2 

Space Science Laboratory 2.3-1 

Berkeley, California 94720 2.3,2 

2.4 & 

Dr. Mike Lampton _ „ 

2.6 

19.4 

University of California 2. 1 


Lawrence Radiation Labomtory 9 . 3 

Berkeley, California 94720 
Dr. Andrew Buffington 

18,2 


Center for A strophysics 1 . 2 

Smithsonian Astrophysical 2,2 

Observatory, 2.3.1 

High Energy A strophysical 2.3.2 

Division 2.4 

60 Garden Street 

Cambridge, Mass 02138 2.5 


Marvin L. Lipshutz 
Program Manner, HEAO-B 


Subject/ Category 

X-Ray Transmission Grating 
X-Ray Maximum Sensitivity Detector 
X-I^y Polarimeter 
X-Ray Proportional Counter, 

Position Sensing 
X-Ray Converter/intenstfier 
Software 

Cosmic Ray Spatial Detector 
Cosmic Ray/Gamma Ray Protective 
Shell 

High Energy Pulse Measurement and 
Correlation Detection 
Cryogenic Superconducting Magnet 
Control 

X-Ray Telescope 
X-Ray Transmission Grating 
X-Ray Maximum Sensitivity Detector 
X-Ray Polarimeter 
X-Ray Proportional Counter, 
Position Sensing 
X-Ray Proportional Counter, 
Position Sensing 
X-Ray Converter/intensified 
X-Ray Iimtruraent Mount/Selector 
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